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INTRODUCTION 
The history of tillage and synonomously the history of the plow can be 
traced back to 6000 B.C. when the first curved, V-shaped tree limb was man-
drawn to produce a shallow furrow. The plow's history can be followed as an 
animal-drawn implement to about 1870 when mechanical power became practical 
and the steam engine began to replace animals. The steam engine later gave 
way to internal combustion engines and consequently modern tractor-drawn 
plows. 
From the standpoint of its development, the plow is a drawn implement 
requiring energy input in the form of draft power. According to Soehne (49), 
power transmission efficiency between tractor tires and the soil can be main-
tained at about 60 to 65 percent under average soil conditions. This means that 
35 to .fO percent of the power produced by the tractor engine is lost when con-
vertin~ to draft power. 
Mon' important, however, arc the adverse affects on soil physical prop-
erties produced by tractors designed for pulling draft implements. Cooper (19) 
indicates that 80 percent of the total tractor weight is carried on the foot-print 
made by each rear tractor tire. To multiply this by common conventional tillage 
practices of six or seven trips over the field to fit the seedbed, plant and culti-
Yate often results in more compact root-bed conditions than before the operations 
we r e s tartcct. 
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Systems of reduced tillage practices although still mostly centered around 
draft implements have reduced the compaction and inefficiency problems by 
minimizing the number of trips over the field. Resulting advantages of these 
systems are lower power, machinery and labor costs; lower peak labor require-
ments during the spring planting season; higher soil infiltration rates; and a 
reduction of wind and water erosion. Corn yields have usually been comparable 
to yields under conventional tillage methods (8, 13, 4G) . 
By going one step further, rotary tillage implements combined with a 
minimum number of trips could prove to be a better combination when coupled 
with today 's high horsepower tractors. Past tillage research using older, high 
speed tillers (1, 15, 49) has indicated that rotary tillage virtually 
pulverizes the soil. Although a completed seedbed could be produced in one 
pass, this excessive pulverization was generally destructive to natural soil 
structural units wilh :1 resulting decrease of aggregate stability. This produced 
:1 S('l ·iolls vondil.ion or d('('l'(':ls<•d w:ll.<'l' infillr:1tion t·at<~s and inhibited soil neration. 
'l'lw hif,!;h powet· cons umption of the older tillers overshadowed the problem 
of excess ive pulveri;,alion. Soehne (49) states that when comparing power con-
sumption ratios, these tillers required from 2. 5 to 3. 5 times the power required 
by the plow for the same width a nd depth of cultivation. Taking into account 
tr:1ctor tin' to soil power transmission losses for the plowing operation and 
additional op<..'ralions required after plowing to produce a similar seedbed, this 
3 
po\\'cr con::-;umption •·atio is still 1:1. 5. Uuchelea reported this t':ttio to be 
1:1. 25 for similar seedbeds. Soehne (49) states that there are two reasons for 
this high power requirement, namely: 
1. The high cutting velocity of the tools and the resultant high accel-
eration imparted to soil particles. 
2. The considerably larger cutting surface compared to moldboard 
plowing. 
Although rotary tillage methods have shared the advantages of reduced 
tillage methods, the disadvantages outweigh the advantages and hence rotary till-
ag-e methods have not been recommended. 
Rotary tillage machines have been redesigned and arc now on the market. 
These new tillers have lower rotor speeds with more desirable cutting designs 
and are claimed to minimize the disadvantages of the older tillers. The new 
designs coupled with a greater acceptance by corn producers of Larson's (35) 
sccdl ing environmental zone and water management 7.one concept of seedbed 
n·quiremcnts create a mon• desirable picture for rotary tillage methods. 
Many of the new designs arc in usc in the Corn Belt area and in many 
cases arc being used successfully, both in conjunction with conventional tillage 
practices and solely as a "once over" tillage tool. A situation exists, however, 
" ·here farm managers are indecisive with regard to adopting the use of rotary 
aBuchele, W. F., Professor, Agricultural Engineering Department, Iowa 
State University, Ames, Iowa. Rotary tillage research. Private communication. 
19GS. 
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tillage practices. Speculation exists concerning power requirements, machine 
and labor costs, and yields generated by the use of the rotary tillage systems. 
In view of this situation, a research study was initiated to compare and 
evaluate two forms of rotary tillage systems for corn production using a conven-
tional tillage system as the standard of comparison. Field scale studies were 
conducted to evaluate fuel and labor requirements, plant populations, weed 
populations, and corn yield. A cost comparison study was then made from the 
standpoint of an actual farm situation. 
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OBJECTIVES 
The objectives of this study were: 
1. To determine and compare fuel and time input factors for the 
selected tillage systems. 
2. To compare plant populations, weed control and corn yields under 
each selected tillage system. 
3. To determine the compatibility of the selected tillage systems with 
respect to weather conditions and timeliness of field operations. 
4. To evaluate fixed and variable machinery costs associated with each 
tillage system. 
5. To determine the interaction of machinery costs and monetary returns 
associated with each system and the acreage capacity compatibility among 
systems. 
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REVIEW OF LITERATURE 
History of Rotary Tillage 
A paper written by Patitz (44) and published in the 1914 ASAE Trans-
actions quotes an agricultural writer, Candos Wren Hoskyns on the subject of 
the plow and rotary tillage. The article by Mr . Hoskyns was written in about 
1850, five years before the first patent was issued for a rotary tillage machine. 
In this article, Hoskyns described a rotary tillage machine in the follow-
ing manner: "Imagine such an instrument (not rolling on the ground but perform-
ing independent revolutions behind its locomotive, cutting its way down by surface 
abrasion, into a semi-circular trench about a foot and a half wide, throwing back 
the pulverized soil (as it flies back from the feet of a dog scratching at a rabbit 
hole): then imagine the locomotive moving forward on the hard ground with a 
slow and equable mechanical motion, the revolver behind with its cutting points 
(e:lS(' hardened) playing upon the edge or landside of the trench as it advances, 
and capable of any adjustment to coarse or fine cutting, moving always forward, 
and leaving behind, granulated and inverted by its revolving action, a seedbed 
seven or eight inches deep, never to be gone over again by any after-implement 
except the drill which had much better follow at once, attached behind with a 
light brush-harrow to cover the seed." 
A number of machines resembling the one Hoskyns described were pat-
ented from 1855 to 18GO. None of these was successful however, probably due 
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to excessive weight. During the 1890s, a Hungarian by the name of E. Mechwart 
designed a rotary tillage machine a number of which were built by Ganz and Co. 
of Budapest. This machine utilized a form of rotary cutters powered by either 
steam or gasoline engines. 
During the period from 1900 to about 1913, a number of commercial 
European rotary tillers were introduced by Koscegy, with Von Meyenburg and 
Konig developing these machines for the European market. Although some pat-
ents were issued, there were no rotary tillage tools manufactured in the U.S. 
during this period. 
The Allis Chalmers Manufacturing Company began manufacturing the 
Meyenburg machine in either 1913 or 1914. This machine consisted of a tractor-
tiller combination in the form of a self-propelled unit. The tractor unit was 
powered by a 30 horsepower four cylinder engine. The unit was built similar to 
the common traction tractor of that period except that it was much lighter in 
wcip;ht :lf' traetivc effort was not required for the rotary tiller. Four speeds 
rorw:trd wet'<' JH'ovided with a till in~ width and maximum depth of five feet and 
1~ inches respectively. Field capacity was from four to ten acres per ten-hour 
day. The tools mounted on the rotor shaft were shock protected and the circum-
ferential velocity was much greater than the forward motion of the machine. 
E,_-periences with the machine in Europe indicated that fuel costs per acre 
were about the same as for tractor plowing. Reported crop yield increases 
attributed to the use of this machine ranged from 6. 8 to 52. 7 percent. 
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Patitz (44) summed up this description of the Chalmers machine with: 
"I am fully convinced that Hoskyns' dream is being realized, that the machine of 
which he had such a clear vision, will, through its better preparation of the seed-
bed, effect a marked increase in the crops of this country." 
From the time of the introduction of the Chalmers machine until the early 
1930s, information concerning rotary tillage is very scarce as if a 20-year period 
of dormancy existed. In 1933 Kelsey (34) stated that when Von Meyenberg had 
improved his design by developing a spring mounting for his tool, thousands of 
the tillers were built and sold and were in successful operation throughout the 
world. Most of these thousands were of the garden tractor type and were gener-
ally used in the greenhouse-nursery business. 
Kelsey (33) reported that Rota tiller Inc. began to introduce European-
made machines into the U.S. in 1930 and simultaneously began to develop larger 
machines for the U.S. market. Difficulties were encountered with spring and 
Line breakag-es on Uw European machines. As a result, further development work 
c<'nt<'t'<'d :11·ound d<'V<~Ioping; shock absorbers :md testing; ~llloy steels and tempering 
teehniqu<':-; with respect to these spring and tine breakages . 
Cantral (15) constructed a truck mounted rotary tillage implement in 1~)33 
in an effort to test rotary tillage as a method for controlling white grubs. Although 
he was unable to test the machine on white grubs, Cantral found that it had little 
or no value as an economical weed control method and that power requirements 
increased markedly as rotor speeds increased. This was probably the first formal 
research in the U.S. concerning the mechanics and usefullness of rotary tillage. 
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Green (29) reported that in 1936, the U.S. Forest Service requested 
several manufacturers to submit plans for a machine to be used in the eradica-
tion of grubs which were infesting the Services' nurseries. Seaman Motors was 
awarded a contract to build nine pto powered machines. The Forest Service 
reported in 1940 that two passes with the rotary tiller produced a 75 percent 
mortality of grubs . The pto powered rotary tiller was thus born. 
Frevert (25) used the rotary tiller built by Cantral to determine the 
mechanics of rot..·wy tillage. He compared types of seedbeds obtained and power 
requirements of the rotary tiller with various blade configurations and forward 
travel speeds. These results were compared to seedbeds obtained and power 
requirements of conventional plow-disk-harrow tillage. This work should be 
considered as the first in-depth study of rotary tillage, the results of which were 
used as future design guidelines (33). 
During the 1940s far mers were, in general, skeptical of rotary tillage. 
Jlow('V(' t', the 1 arg;cr powered ti II ers found applications as in-place mixers of road 
sltrf:lcing; nwU·t·ials. During World War II, they were also extensively used in 
:1 i die ld con~:;t 1·uction (~!l). 
Toward the end of the war, surface mulching techniques were widely 
publici?.ed. This, coupled with the fact that the war presented a shortage of farm 
labor and a scarcity of conventional tillage equipment, brought a more uninhibited 
\\·illingness on the farmers part to try rotary tillage methods (29). Some pto and 
some auxilary engine driven models were sold but generally the experiences with 
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these machines were unfavorable as research experiments of that period point 
out (1 7, 18, 42). As a result, the rotary tillage to.ols never penetrated the farm 
market and enthusiasm for their usefullness as an agricultural tool was virtually 
gone by the early 1950s. 
Research during the 1950s (1, 10, 49) showed that new blade designs 
coupled with decreased rotor speeds and increased forward travel speeds greatly 
improved the efficiency of the rotary tiller while eliminating some of its undesir-
able characteristics. 
Recent acceptance of rotary tillage practices reverts to the acceptance of 
strip or shallow mulch tillage ideas within the framework of minimum tillage and 
the availability of rotary tillage equipment incorporating new designs and unlimited 
flexibility. 
Efficiency of Rotary Tillage 
'l'lw <'llici1 ~ tw y of old<·t· hig-h rotor f:pc<~cl t·ot:try tilkn> wa~-> very low when 
cotnp:ll 'l'd to conv<!ntion:tl plowing- OJ>et·ations. Ft·cvcrt (~G) measured deg-ree of 
tilth and power requirements for rotary and conventional tillage. He found that 
degree of tilth, as measured by determining a fineness modulus of the tilled soil, 
was 7. 5!) percent greater for the rotary treatment with the highest bite per slice. 
The comparison was made with a plow-disk-harrow treatment. The rotary treat-
ment rcquirect 204 percent the energy of the conventional combination. 
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Byers and Webber (14) indicated rotary tillage required 2. 5 as much 
energy as did conventional fitting (34 versus 13 horsepower-hours per acre). 
Soehne (49) reported that rotary tillage requires from 2. 5 to 3. 5 times 
the energy when compared to conventional plowing for an equal volume of culti-
vation. Considering the fitting operations needed after plowing, the power con-
sumption ratio is about 1. 5 to 1 for equivalent seedbeds. Soehne added that the 
high power requirement for rotary tillage is due to high accelerations imparted 
to the soil particles (1 2 times those imparted by tractor plows) and greater 
specific cutting surfaces for rotary tillage (seven times those of tractor plows). 
Slowly, those concerned with rotary tillage began to recognize the import-
ance of slow rotor speeds and faster forward travel speeds for creating more 
desirable efficiencies. Cantral (15) concluded that power requirements increase 
m arkedly as rotating speed increases. Adams and Furlong (1) found that slower 
rotor tip speeds and g-reate r increments of cut greatly reduced energy require-
ments per volume of s oil ti llcd. They also found that a wider rotor assembly 
rt' Htdts in less power pc•r foot of rotor width (end or edge effect). 
13ceny and Gr·cig (1 0) used specific work as a r atio of energy expended to 
volume of soil worked which gave an index of efficiency. The results showed 
that, in general, low power requirements were associated with low specific work 
and that reduced rotor speeds decreased specific work. Optimum bite length was 
from four to five inches and optimum depth from four to six inches. These com-
binations produced the lowest range of specific work values. 
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In reporting acceptance of the newer rotary tillage implements, Clague 
(16) stated that rotary tillage is more economical than conventional tillage 
although it requires the same horsepower-hours per acre as plow-disk-harrow, 
it requires fewer man hours per acre. Jay (31) reports that rotary strip plant-
ing reduced equipment operating costs for one farmer to one-half that of plowing 
alone. 
~Soil Factors Influenced by Rotary Tillage 
Soil physical properties 
With respect to rotary tillage, soil physical properties are influenced by 
three factors, namely: 
1. The mulching aspects of rotary tillage. 
2. The pulverizing action of rotary tillage. 
:1. The soil compac tion deterent of rotary tillage. 
"' Bc:tll' d :tl. ~!) ) in :t mulching c:>..11crimcnt concluded that the degree of 
:tggreg:tLion inc n~:t:·wd :-;igni l"ie:tntly under mulch tillage. Schaller and Evans (1,...7) 
stated tlw! e rop rcsidtt<' mulches improve soil structure in the surface horizon 
and protect the surface from the beating action of raindrops. They also found 
that soil moisture is generally higher and soil temperature reduced by mulching. 
p""Z 
Moody et al. (41) discovered higher aggregation, air space, percent organic mat-
ter, and percent total nitrogen on a mulched Virginia silt loam soil. 
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When rotary tillage was included in soil physical property experiments 
the concensus was that percent aeration porosity, bulk density, and percent aggre-
gation were not significantly different when compared to conventional tillage (14, 
43). Bateman (7) however, determined that resistance to penetration and bulk 
density were higher for rotary tilled plots. 
Page et al. (43 ) noted that good seedbeds were prepared by rotary tillage 
but they did not retain sufficient structural stability to function efficiently as root-
beds throughout the season. Aldrich (2) claimed that the rotary tillage tools in 
use in 195G break down the plow layer leaving the surface susceptible to crusting 
after a hard rain. 
Soehne (49) was concerned about the pulverizing action of rotary tlllage 
and stated: 
"With a rotary tiller, pulverizing of the soil results whereas a plow 
produces big c lods. This rigorous breaking of soil can be advantageous 
because in a sing-le operation the seedbed can be prepared. But in 
g;encnl it is disadva ntageous . A framework of stable big clods which 
arise out of pl ow ing; g-ives the soil bigger air pores and prevents com-
p:rclion of the soil after precipitation. A rotary-tillcrl soil quickly 
loses its str·uctu r·<' <'Ompletcly if the particles are not stable. But the 
intr·oduction or :m <':tsily operating; mullig;car drive for the shaft so 
that tJ<'r·iphcr:tl SJH'<'d or tines, speed of travel of the tractor and length 
of cut may be var·icd independently of another should give the possibility 
to adapt the breaking of soil to any desired soil condition and purpose 
of cultivation." 
Cooper (19) related soil compaction and other undesirable soil physical 
properties to the pulling requirements of tractors as heavy weight tractors are 
r equired for draft type tillage operations. He suggested that the use of powered 
tools '"ould be one way to lower pulling requirements and subsequently decrease 
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compaction problems. In reviewing soil compaction, Blake (11) warned that 
nearly all desirable physical characteristics of soils vanish on severe packing. 
He concluded the following: 
"Recent trends toward minimum tillage have greatly reduced 
packing problems. But we still hope that ingenious ways to avoid 
tillage will be found. In time and cost savings alone, a small 
yield reduction could be absorbed. This has not proven necessary 
however, for yields are usually as high or even higher when the 
number of trips across a field are reduced." 
Soil erosion 
The mulching aspects of rotary tillage are the primary factor responsible 
,. 
for reducing soil loss by erosion. Unfortunately the beneficial effect of mulch 
was in the past somewhat offset by the detrimental effect on soil structure as a 
/ 
result of the pulverizing action of rotary tillage (2) and resulting lower corn 
, r. I L) 
yields (1'8). 
How the detrimental effects of the pulverizing action of rotary tillage is 
offset by the beneficial effects of mulching was not clear, but minimum tillage and 
mulchin).'; in themSl'lvcs result in pronounced reductions in soil losses (9, 24, 40). 
Production Factors Influenced by Rotary Tillage 
Weed and insect control 
Insect control with rotary tillage tools mainly concerned the control of 
grubs during the 1930s and 1940s as reported by Green (29) and Cantral (15). 
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Weed control under rotary tillage culture generally tends to be more of a 
problem than under conventional tillage, 
Early weed control results with rotary tillage were observed by Cantral 
(15). Although obtaining no definite results, he speculated that his rotary tiller 
had little or no value as an economical method of controlling weeds. 
Aldrich (2) recognized the fact that the finely pulverized soil surface layer 
produced by rotary tillage speeds weed germination. Byers and Webber (14) 
found that weed control for conventional tillage was superior to all tillage treat-
ments including two rotary tillage treatments. Cook and Peikert (17) observed 
severe grass weed competition where the rotary tiller and auger plow were used. 
Time requirement for weed control in rotary tilled plots using conventional till-
age plots as a base was 181 percent. 
Cook et al. (18) and Schaller and Evans (47) reported low corn stands and 
yields attributed to high wocd populations under mulch and rotary tillage practices. 
Batcm:tn (7) n~port.<'d more volunteer corn in rot..'lry tilled plots because 
Uw 1·ot:li ".Y lll:H :hiiWS shell<•cl llw e:li"S lost l>y :1 previous picking operation. The 
she I kd corn distributed in the newly planted 1·ow could not he cultivated out. 
Also, Bateman noted that a severe weed problem occurred in one test year that 
caused 25 percent of the corn stand to be lost while controlling the lush weed 
growth resulting in rotary tilled plots. 
On the other hand, Fail (23) and Clague (1G) praised rotary tillage tools as 
superior tools for the control of rhizomatous weeds . Fail's work over a four 
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year period at eight locations showed that three species of rhizomatous weeds 
could be controlled 100 percent by from two to six rotary tillage operations, 
depending upon the moisture content of the soil. 
Corn production costs and returns 
General concensus for corn production costs and returns is that produc-
tion costs may be lower for rotary tillage practices, but that corn yields and 
subsequently monetary returns are lower. 
An eight year average corn yield of 46. 7 bushels per acre for conven-
tional tillage treatments and 42.1 for rotary tillage treatments was observed by 
Page et al. (43). They concluded that rotary tillage did not show to be desirable 
for corn. Results obtained by Cook et al (18) showed that no method of tillage 
resulted in yields significantly greater than those methods that included the plow 
and that rotary tillage methods resulted in the lowest yields of all crops on all 
soils except sugar beets on loam, oats on loam, and oats on clay loam. 
When a conventional fall plowing treatment was deviated from, Byers and 
Webber (14) found that corn yields were generally depressed. Free (24) stressed 
that the number of secondary seedbed preparations had no effect on yields of any 
crop except that on a Mardin soil corn yields were reduced about six bushels per 
acre by three fitting operations. 
Bateman (7) obtained an average corn yield of 99 bushels per acre for 
conventional methods and 89 and 91 bushels per acre for rotary tillage methods 
over a four year period. Bateman also noted that the preparation of the rotary 
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tilled plots was slower than that of any other plots although faster than normal 
travel speed was used to produce a coarser seedbed. Similar results were 
obtained by Shubeck and Kingsley (48) from a two year experiment in Southeast 
South Dalwta. Yields of 8G and 98 bushels per acre were obtained respectively 
for rotary strip and conventional tillage methods . 
Johnson and Taylor (32) summarized their work by concluding with: 
"The treatments involving the till planter, rotary tiller and disk 
(substitute for plowing) were less desirable from the standpoint 
of yield, stand or practicality and cost than plowing followed by 
minimum fitting. " 
Holler (30) noted production cost savings of $1. 44 per acre for a rotary 
strip tillage system over a conventional system for a cost advantage of $785. 00 
on GOO acres of corn (assuming equal corn yields). 
Jay (31) reported on farmer acceptance of the newer rotary tillage tools 
found that they were being managed with more regard to meeting seedbed require-
ments and as such were bein~ accepted due to lower operating costs and greater 
V(' l'f;:t li I i Ly. 
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GENERAL PROCEDURE 
An investigation of the economic and operating characteristics of three 
selected tillage machinery systems was conducted. Two types of field compari-
sons over two cropping seasons, plus compatibility and cost studies were made. 
Field comparisons included an input experiment at two locations and a 
yield C:\:periment at one location in 1966 and 1967. 
Input trials consisted of an evaluation of the operating characteristics, 
fuel use, and job time economic factors associated with each job at a field scale, 
which reflected an actual farming situation. 
The yield experiments were designed to evaluate agronomic-producibility 
factors associated with each system. The tillage system treatments were simi-
lar to the input experiment treatments but on a much smaller scale. Plant 
population, degree of weed control, and corn yields were determined for each 
treatmenL 
1\ pt·o~t·:trnnwd m:tchill<' sysL('Ill t.inwlin<·ss model was us<~d to determine 
t.lw tn :txinHtllt acn'ag't' e:tpaeity of each system as a measure of compatibility 
among- systems . Weather conditions, as they affected tillage field work, were 
taken into account. Actual field capacities for the jobs in each system were 
determined from the job time study and were used for the compatibility study. 
All fixed and variable costs associated with each job per selected system 
were evaluated. Fuel cost and labor costs were determined from data collected 
19 
in the input experiments. Fixed costs and other variable costs were deter-
mined through an empirical analysis. 
An overall evaluation of the selected systems was then based on the 
interaction of the field comparisons, compatibility study, and cost study. 
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SELECTION OF TILLAGE MACHINERY SYSTEMS 
Definition of Selected Tillage Systems 
To evaluate tillage systems for corn production, two forms of rotary 
tillage systems and one conventional plow system were selected. One of the 
rotary systems was a strip rotary tillage system and the other was an overall 
rotary tillage system. 
The rotary strip system is a once over, one machine, tillage-planting 
system using a rotary tiller to prepare a row area seedbed that is about four 
inches deep and approximately one-half the row spacing wide. Starter fertil izer, 
insecticides, and herbicides were applied and the corn was planted in this same 
tillage planting job. This machine was later used as a rotary cultivator for the 
inter-row area after removing the planter and fertilizer application units and 
after changing the rotary blade and shield arrangement on the rotor shaft. 
The ovet·all rotary tiling<' system utili:~.es a rotary tiller for seedbed 
pt'<'p:ll ':ltion. This unit w:1s us<'d to till the entire t·ow and intcr-t·ow area to a 
four im:h <kplh. rt was the only tillage job preceding planting. A conventional 
planter with starter fertili:~.cr, insecticide and herbicide application units was 
used for the planting job. A conventional shovel cultivator was used for weed 
control cultivations. 
The conventional disk, plow, disk, harrow, plant, cultivate, cultivate 
tillage system could be used as a standard for comparing and evaluating the 
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rotary tillage systems. However, the selected rotary systems have the conno-
tation of being a once-over, reduced, or even optimum tillage systems. There-
fore, the standard conventional system would not compare with the selected 
rotary systems on an equal basis. 
A reduced conventional system was selected as the standard of comparison 
for the study. The job sequence for this system included the plow as the primary 
tillage implement, but excluded one of the before plowing jobs and eliminated two 
of the after plowing, secondary tillage jobs. 
The initial job sequences (with jobs listed in the order of performance) 
used to evaluate the selected tillage systems are shown in Table 1. 
Table 1. Initial tillage job sequences for selected systems 
Reduced Rotary Rotary 
System conventional strip till 
Disk sl:llks Strip till-planl Rotary till 
Job Plow Rotary cult. 1 Plant 
sequence Spring tooth harrow Shovel cult. 2 Shovel cult. 1 
Plant Shovel cult. 2 
Shovel cult. 1 
Shovel cult. 2 
22 
The common application procedure for anhydrous ammonia (NH3) is to 
knife-in the NH3 on compacted stalk ground for the rotary tillage systems 
whereas in the conventional system sequence, NH3 is knifed-in after plowing on 
loose soil. This difference in soil condition at the time of application could 
effectuate a significant difference in time and energy input values between the 
selected rotary and conventional systems which in turn would bias the system 
concept of evaluation. 
An NH3 application job was added to the job sequence for each system. 
Table 2 shows a revised list of job sequences that includes an NH3 application 
job. These job sequences were used in the 1966 and 1967 system field trials. 




Disk s lalks 
Plow 
Apply NH~ 
Spring tooth harrow 
Plant 
Shovel cult. 1 





Rotary cult. 1 












Four criteria of selection were used in the initial selection of tillage 
machines. The criteria used were as follows: 
1. All systems would utilize the same power unit. 
2. The selection of primary tillage machines in each system would be 
based on horsepower requirement. 
3. Secondary tillage and planting machines would be based on job 
compatibility within a system. 
4. The tillage machines must be selected from commercially available 
sizes. 
The power unit was selected by evaluating projected horsepower trends 
of farm tractors and narrowing the selection to readily available units in the 90 
to 100 horsepower range. The final choice was a 93 horsepower (PTO) tractor. 
The primary tillage tools (plow, strip-tiller, and rotary tiller) were 
l'dCcl<'d according to size - horsepower requirements. Primary till age field 
capncitics, as determined by Frisby (2G) for his sixth machine system, were 
found to correspond to a preliminary estimation of field capacities for the pri-
mary tillage machines tentatively selected for this study. Frisby's sixth 
machine system is given in Table 3 with non-tillage jobs deleted. 
Table 4 presents the probabilities of job completion from Frisby (26), 
for his sixth machine system. An examination of these probabilities indicated 
that primary and secondary tillage and planting jobs were fairly compatible 
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Table 3. Frisby's sixth machine system 
Speed 
Machine No. Size 
(mph) 
Tractor 1 75 hp 
Plow 1 6-14 4 
Disk 1 20.5 5 
Rotary hoe 1 4-row 7 
Planter 1 8-row 5 







































Probability of completion 
Plant Cult. (1) Cult. (2) Plow 
. 996 . 991 . 825 
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(for the second sequencea), with the capacity for the secondary tillage and plant-
ing jobs being slightly greater than required. Therefore, to satisfy the third 
selection criteria, secondary tillage and planting sizes for the tillage systems 
to be studied would be somewhat less than their respective sizes in the Frisby 
sixth system. Thus, having met the first three selection criteria, tentative 
selection of implement sizes for the selected tillage systems was made. 
Selected Machinery Systems and Characteristics 
The selected machine systems with the respective characteristics used 
for selection are shown in Tables 5, 6, and 7. Field efficiencies were taken 
from Bainer et al. (4). Machinery selections were made from current com-
mercially available implements leased by the Iowa State University Farm 
Services. Both rotary tillage machines were owned and/or operated by their 
respective company representatives. Effective field capacities for the rotary 
tillers wen~ taken from the manufacturers' advertising literature. 
aSecond sequence indicates a situation where the cult (2) job was elimin-
ated from the job sequence. 
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Table 5. Reduced conventional machine system 
Speed 
Machine No. Size 
(mph) 
Tractor 1 93 hp 
Disk 1 20ft 5.5 
Plow 1 5-16 in 4.0 
NH.., applicator 1 6-30 in row 5.0 u 
Spring tooth harrow 1 20ft 8.0 
Planter 1 6-30 in row 5.0 
Shovel cultivator 1 6-30 in row 4. 5 (1f 





















aAlthough a 20 foot disk was to be used in the conventional system, a 
13.5 foot disk was the only size available. 
by irs t cultivation. 
csecond cultivation . 
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Table G. Rotary strip till machinery system 
Mac hine No. Size 
Tractor 1 93 hp 
NH3 applicator 1 6-30 in row 
Strip till planter 1 6-30 in row 
Rotary cultivator 
Shovel cultivator 1 6-30 in row 
Table 7. Rotary till machinery system 
Machine No. Size 
Trac tor 1 93 hp 
NI-1:1 applicator 1 6-30 in row 
notary tiller 1 100 in row 
Planter 1 G-30 in row 





5. 0 (1) 






4. 5 (1) 
































SELECTED SYSTEM FIELD COMPARISONS FOR 1966 AND 1967 
In the evaluation of the selected tillage systems, major emphasis was 
placed on input costs and yield. These field comparisons consisted of one yield 
trial and two input trials for 1966 and 1967. The primary purpose of the yield 
trial was to evaluate and compare producability of the selected systems. The 
input trials were used to evaluate and compare the efficiency of the selected 
systems. 
The three trials for 1966 were identified as Yield trial (- 1966), Input trial 
(- 1966 -locate I), and Input trial (- 1966 -locate II). Trial identification for 
1967 was similar with Yield trial (- 1967), Input trial (- 1967 -locate III), and 
Input trial (- 1967 - locate IV). 
Field Input Experiments 
Location and experimental design - 1966 
Input trials in 1966 were conducted at two locations approximately nine 
miles :1part. Input trial (- 1%6 - locate I) was located at the Agronomy - Agri-
cultural Engineering Research Center, seven miles west of Ames. Input trial 
(- 19GG -locate II) was located at the ISU Beef Nutrition Farm, three and one-half 
miles northwest of Ames. Soil type in both cases was a Clarion Webster 
complex. 
29 
A completely randomized experimental design was used at both locations. 
The following equation characterizes the model for this design: Yij = Ti + Eij 
Where: Yij =observed value of the ith treatment in the jth 
experimental unit 
Ti = true effect of the ith treatment 
Eij = true effect of the jth experimental unit subjected to 
the ith treatment 
There were 48 - 30-inch rows in each plot and each plot was 1, 260 feet 
long with the exception of five plots at location I. The size of these five plots 
had to be reduced to fit the available land area. The 1, 260 foot length excluded 
the 30 foot turn-way borders at each end of the rows. Figures 1 and 2 illustrate 
the layout of the plots for each input trial for 1966. 
Location and experimental design - 1967 
Field input e:>..rperimcnts for 1967 were conducted at two locations. Input 
tri al (-1967 -locate III) was located at the ISU Curtiss farm, one and one-half 
miles south of Ames. Input trial (-1967 - locate IV) was located at the John 
Deere field research site near Ankeny, Iowa. Soil type at the Curtiss site was a 
Clnrion-Webstcr complex while at the Ankeny site, the soil type was Clarion. 
A randomized complete block design was used at both locations. The 
following equation characterizes the model for the RCBD design : Y .. = T . + B. + 
lJ l J 
E ·· l) 
14--1 2 0'-+j+-94'~120'~ f+-120'~120'~120' ~ Input trial- 1966 -locate I 
.---- .. 
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Input trial - 1966 - locate II 
ISU Beef Nutrition Farm 
Soil type =Clarion Webster 
complex 
1 = Conventional system 
2 = Strip till system 
3 = Rotary till system 
All plots are 48 - 30-inch rows 
wide 
Figure 2 . Map of plot layout for job time and fuel use determinations loc ate II-1966 
"" I-' 
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Where: Yij = observed value of the ith treatment in the jth 
experimental unit 
Ti = true effect of the ith treatment 
Bj = true effect of the jth block 
Eij = true effect of the experimental unit in the jth block 
subjected to the ith treatment 
Location III included three replications (blocks) of the selected treatments. 
Five replications (blocks) were used at location IV. Figure 3 and Figure 4 show 
the layout of plots for the two locations. 
All nine plots at the Curtiss farm location consisted of 48 - 30-inch rows 
each 1260 feet long. Due to the configuration of the land area at the Ankeny site, 
the blocks were of different lengths. One of the blocks also contained fewer rows 
as shown in Figure 4. 
Procedure for measuring input factors - 1966 
Fuel use Mechanical energy input to each system was determined by 
measuring the amount of fuel required to perform each job in each system in each 
plot. In 19GG, fuel measurements were taken by determining the weight of fuel 
used while performing a particular job. 
The tractor used as the power unit for the three tillage systems was fitted 
with an auxilary fuel supply system. Figure 5 illustrates the fender mounting 
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to attach the fuel lines to the auxilary tanks. Quick- attach mounting brackets 
were used to secure the tanks to the tractor fenders. 
The fuel lines from the auxilary tanks were each fed through a pet cock 
valve into a fuel manifold which was mounted on the tractor control panel. The 
fuel manifold was connected to the tractor fuel pump through another pet-cock 
valve and a tee fitting. The fuel line from the standard tractor fuel tank was con-
nected to the fuel pump through the same tee fitting . Figure 6 shows a line 
diagram of the interconnected standard and auxilary fuel supply systems. 
The first step in determining the amount of fuel required to perform each 
job in each plot was to weigh the filled auxilary tanks . A small portable beam 
scale with a least count of 0.10 pounds was transported from plot to plot for this 
purpose. 
The weighed auxilary tanks were fastened to the tractor and the auxilary 
fuel lines connected to the tanks . After positioning the tractor with implement at 
the starting point of the plot, the tractor tank valve (number 1, Figure 6) was 
closed and the valve between the fuel manifold and the fuel pump (number 2, Fig-
ure G) was opened. One of the valves between the manifold and the auxilary tanks 
(number 3 or 4, Figure G) was then opened as each job started. 
The fuel supplied to the tractor engine during operation in the plot was 
being pumped out of one of the auxilary tanks depending upon whether valve 
number 3 or number 4 was open. If the job was of sufficient length to exhaust 
the capacity of one auxilary tank, the other tank was brought into the system. 
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This could be done without interrupting the forward motion of the tractor. Closing 
the open manifold valve (number 3 or 4, Figure 6) and simultaneously opening the 
closed manifold valve brought the full auxilary tank into the fuel supply system 
while locking out the empty tank. 
Auxilary tanks were weighed when a job was completed. The difference 
between this weight and the initial weight gave the weight of fuel required to per-
form this job in a specific plot. The fuel weight was converted to volume in 
gallons after finding the average specific weight of several fuel samples. 
Two sets of auxilary fuel tanks were used. One set was kept filled and 
weighed while the other set was being used. In this way, the job being performed 
could proceed from plot to plot with a minimum of delay time. 
Job time The time required to perform a job in a specific plot was 
determined through the use of the time observation board which is shown in 
Figure 7. 
Three stop watches across the top of the observation board were operated 
by the control bar along the side of the board. After the watches were wound and 
sequenced, pressing the control bar would start one watch, stop the second and 
reset the first to zero. This observation board made it possible to time a con-
tinuous sequence of mutually exclusive job time elements. An additional watch at 
the upper left corner of the observation board was operated separately and was 
used to obtain total operating time. 
Each job was broken down into four time elements. The first of these was 
the operate element. This element reflected the amount of time the job implement 
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was actually being operated within the plot. The turn time element reflected 
the time increment spent while turning the tractor-implement combination at the 
row end. The third time element was called a down element. This element gave 
the amount of time required for unclogging, adjustments or repairs during the 
operate element but exclusive of the operate element. The fill element was con-
cerned with only the planting and NH3 application jobs. This element reflected 
the amount of time required to refill the implements associated with these jobs. 
In determining the fill times it was assumed that only the job operator 
would be available to refill the implements. The fill times were not taken for 
each plot as more than one plot could be completed before a refill was necessary. 
The plot size was such that an integral number of plots could be completed before 
refilling. The fill element determination procedure reflected actual practice 
reasonably well. 
The observation board was operated by an individual seated on the tractor 
fender. This individual was simultaneously responsible for conducting the time 
study as well as the fu e l use determinations. The completion of these duties in 
no way interfered with the tractor operator or implement performance. 
With the observation board watches sequenced, the total time watch 
z.erocd, and the auxilary fuel system ready for operation, the particular job was 
started. Simultaneously, the control bar was depressed, and the total time 
watch started, initiating the timing operation for that particular job and plot. At 
the end of the plot, depressing the control bar re-sequenced the watches and the 
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first operate element was recorded for the round one, operation one slot, while 
the turn element was being performed. Depressing the control bar again, at the 
end of the turn element, gave the round one, turn one element and simultaneously 
began timing the round one, operation two element. 
When the forward travel of the tractor was interrupted due to any imple-
ment operating problems, the bar was depressed to start timing a down eiement 
and the portion of an operate or turn element already determined was recorded. 
When the problem had been solved, the bar was again depressed to resume 
timing of the interrupted operate or turn element. The down time element could 
be recorded from the stopped watch. 
Immediately after the last turn in the last round was made, the total time 
watch was stopped. The total time recorded on this watch was a check of the 
sum of the operate, turn and down elemental time for the plot. If a refill time 
was in order, the total time watch was then used to record the fill time element. 
To distinguish lJC'tween the point where operate elements ended and turn 
elements began or vice versa, a row of wooden lathe, painted with high-visibility 
paint, was lined up along each end of the plots. Crossing this line with the 
center of the rear tractor wheel signaled the end of an operate element and begin-
ning of a turn element or vice versa. Turn ways at the end of all plots were 
standardized to a 30-foot width. 
Totaling the time for all operate elements, all turn elements, and all down 
clements for the plot gave these elemental times for the entire plot. 
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Procedure for measuring input factors - 1967 
Fuel use To eliminate time losses and drudgery, fuel use determina-
tions for the 1967 input experiments were automated. A volume recording meter 
in the tractor's standard fuel supply line was used. The meter was capable of 
reading directly down to 0. 001 gallons eliminating the need for conversions and/ 
or calibrations. 
Since a diesel tractor was used in the study in 1967, two fuel meters had 
to be used due to the fact that a characteristic of a diesel engine's injection pump 
is to return to the fuel tank, part of the fuel previously drawn out of the tank. 
To determine the actual fuel used, the amount of fuel returned to the tank, as 
recorded by a meter in the return line, was subtracted from the amount of fuel 
drawn from the tank, as measured by another meter in the supply line. 
Two Tockico - CC fuel meters obtained from the Brooks Instrument 
Division of Emerson Electr ic, Hatfield, Pennsylvania. A Tockic o - CC model 
8300 A meter kit was inserted into the fuel supply line between the tractor's final 
fuel filter and injection pump. A Toekico - CC model P02 meter was inserted 
into the fuel return line between the injection pump and the fuel tank. The 8300 A 
meter kit included an integral fuel filter to protect the close tolerances of the 
meter and the P02 did not. The fuel meters as mounted on the tractor side 
panel are shown in Figure 8. 
Two accuracy check runs were made for each meter after installation. 
A run consisted of determining the actual volume of fuel passing through the meter 
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Figure 7. Time study observation board 
Figure 8. Fuel recording meter installation 
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in a three minute time interval at flow rates from three to eight gph in one gph 
increments. The volume of fuel passed in three minutes at each flow rate was 
found by weighing the fuel collected and applying an experimentally determined 
specific volume factor to obtain volume in gallons . Indicated volume passed was 
read from the meter at each flow rate. The accuracy check for the return line 
meter was rnodified to include a one and two gph flow rate in both runs. 
Summing indicated volume deviations from actual volume for both runs 
and dividing by the total volume passed in both runs for each meter gave an 
indication of the percent error propagated by each meter. 
The following percent errors were found for each meter : 
Supply line meter 
percent error = DEV. 
Actual 
Reh1rn line meter 
percent error = DEV. 
Ach1al 
X 100 = 0. 018 
6.842 
X 100 = 0. 013 
7.041 
X 100 = 0. 26% 
X 100 = 0.18 % 
Job time The same general procedure for job time determinations 
was used in 19G7. Job time was again broken down into operate, turn, down and 
fill elements. 
The stop watch observation board method of determining the time elements 
was discarded for a less time demanding method. An Offner 2 channel recorder 
was used in conjunction with a small de voltage supply. The voltage supply con-
sis ted of a center-tap transformer supplying 1. 5 volts at the center-tap and 3. 0 
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volts total. The output of two single pole switches mounted on the supply was fed 
into the Offner recorder, one switch supplying each channel. 
Input to the three-position switch was 0 volts to the center position, 3. 0 
volts to the upper position and 1. 5 volts to the lower position. These positions 
corresponded to the operate time elemental phase, the turn time phase and the 
down time phase respectively. Input to the two position switch was 0 volts in the 
upper position and 3 . 0 volts in the lower position. These positions corresponded 
to the operate time phase and fill time phase respectively. 
Using a constant cha rt speed of one mm/ second, the longitudinal distanc e 
between the beginning and ending points of specific voltage trace gave the elemental 
time characterized by the magnitude of the voltage trace. 
The recorder and voltage supply was powered by a 1250 watt, gasoline 
powered generator set mounted on the side frame of the tractor. The de voltage 
source (shown in Figure 9) was mounted on the tractor control panel directly 
beneath the steering wheel. Tho switches on the voltage source could be operated 
b y tho tractor operator without interferring with the performance of the job. 
The Offner recorder was dust and moisture proofed and mounted on the 
left tractor fender. It r equired very little attention except to keep ink flowing 
to the pens. The mounted recorder is shown in Figure 10. 
Desc ription of equipment and treatments - 1966 
The tillage systems for 1966 consisted of the job sequences listed in Table 
2. Jobs were performed in the order described by each sequence. An Oliver 
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Figure 9. DC voltage source 
Figure 10. Mounted Offner recorder 
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1850 gasoline powered tractor was used for the major tillage jobs. Due to the 
fact that a 60-inch wheel tread was difficult to obtain and that the rear tires were 
too wide for the row spacing on the 1850, a D-17 Allis Chalmers was used for 
the planting job in the reduced conventional and the rotary till systems. For 
the same reason, a John Deere 3020 diesel (power shift) was used for all culti-
vating jobs. 
Reduced conventional system For the stalk disking job, an IHC no. 
37 wheel controlled tandem disk harrow was used. The actual width of cut was 
13 feet, three inches. Blade spacing was nine inches. Respective gang angles 
for forward and rear gangs were 1G degrees forward and 16 degrees to the rear. 
The disk was operated at maximum depth (i.e. transport wheels in the fully 
raised position). 
The plowing job in the sequence was performed with an Oliver Corpora-
tion no. 565 semi-mounted plow. This plow was equipped with 16-inch Raydex 
bottoms and 20-inch rippled coulters. Bottom standards were spring cushion 
protected. Operating depth for the plowing job was approximately eight inches. 
A John Bean, 300 gallon, pull type anhydrous ammonia applicator was 
used for the NH3 applica tion job. The applicator was equipped with five, tool 
bar mounted, knife equipped standards. The knives were operated at an eight-
inch depth with an NH3 application rate of 180 pounds per acre using a 36-inch 
row spacing. 
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For the spring tooth harrow job, a 20-foot John Deere spring tooth har-
row was used. The harrow consisted of a F931H hydraulic wheeled cart, a no. 
10 drawbar attachment and five four-foot LH1040 harrow sections. The harrow 
was operated at 80 percent of the fully engaged position. 
Figure 11 shows the John Deere model 694AN corn planter used for the 
planting job in the conventional system. The planter was equipped with dry 
fertilizer and granular insecticide and herbicide attachments and minimum till-
age attachments. 
A John Deere model RG-630 shovel cultivator was used for the first culti-
vation job and an Allis Chalmers model 500 cultivator for the second cultivation 
job. Both cultivators were integral rear mounted units and were identically 
equipped. Each cultivator covered six 30-inch rows with one gang per row. The 
depth of each gang was gauge wheel controlled. The gangs were each equipped 
with two eight-inch half sweeps and one ten-inch center sweep. Cultivation depth 
was approximately three inches for both cultivations. 
Rotary strip till system The NH3 application job for the rotary strip 
system utilized the same applicator and was a duplication of the planting job in 
the conventional system. For the rotary strip till system, this job was performed 
in unplowed stalk ground. 
Figure 12 illustrates the equipment used for the strip till-plant job. The 
rotary tiller was a Sidewinder model RC-180. Six Dempster planter units equipped 
with granular insecticide and herbicide applicators were attached to the rear 
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Figure 11. Corn planter used in the 1966 trials 
Figure 12. Equipment used for the rotary strip till planting job 
in the 1966 trials (planter units removed) 
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tool bar of the tiller on 30-inch row spacings. Liquid fertilizer tanks with a 
total capacity of 250 gallons were mounted on the tractor. Applicator nozzles 
for the liquid fertilizer were mounted directly ahead of the rear tractor wheels 
a:nd directly in line with the planter units on the rear. The tiller was ad jus ted 
to till a 14-inch row area to a depth of three and one-half inches with the planter 
units centered to plant in the tilled row area at a two and one-half inch depth. 
The same rotary tiller was used for the rotary cultivation job in the 
sequence. Planting and fertilizer application equipment was removed. Culti-
vating shield and rotor blade arrangements were changed to provide for culti-
vating the inter-row area. Width of cultivation in the inter-row area was 20 
inches at a three-inch depth for each of the six 30-inch rows. A second con-
ventional shovel cultivation job was not included in 1966. 
Rotary till system The initiator for the rotary till system sequence 
was the NH3 application job. All aspects of this job were identical to the similar 
job in the strip till system sequence. 
A Howard Rotavator Company model M-100 rotavator was used for the 
~otary till job. The job consisted of tilling the entire area (both row and inter-
row area) to a depth of approximately four and one-half inches. Fifty-four "C" 
type cutting blades were used on the machine giving a cutting width of 100 inches. 
A rotor speed of 188 rpm was used. Figure 13 shows the blade arrangement on 
the tiller rotor and Figure 14 shows the tiller in operation. 
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Figure 13. Rotor arrangement on rotary tiller 
Figure 14. Rotary tilling job in progress 
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The planting equipment used and performance of the planting job was 
identical to the planting job in the reduced conventional system. The same was 
true for the first and second cultivation jobs. 
Crop cultural and management factors All preplant tillage operations 
including the application of 180 pounds per acre of NH3 were performed in the 
spring of 1966 during late April and early May. 
Planting dates were May 4 or 5 for the strip till plots, May 16 to 18 for 
reduced conventional and rotary tilled plots at location I, and June 1 for reduced 
conventional and rotary tilled plots at location II. Corn was planted at a rate of 
24,000 kernels per acre. 1\vo hundred sixty pounds per acre of starter fertilizer 
(6-24-12) and granular Diazinon were applied with the planter attachments. 
Granular Ramrod was applied in a 14-inch band over the row. 
All conventional and rotary tilled plots were cultivated on June 19 and 
July 7. Strip tilled plots were rotary cultivated on June 17 and were not cultivated 
a second time. 
Description of equipment and treatments - 1967 
An IHC 806 diesel tractor was used to perform all jobs in each sequence. 
The tractor was equipped with the full array of hydraulic system options and a 
16 speed transmission. 
The major equipment change for 1967 was the use of a hybrid planter for the 
planting job in all job sequences. The objective of using a different type of planter 
was to facilitate the adaption of the planter used in the reduced conventional and 
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rotary till system sequences to the planting job in the strip till system sequence 
with a minimum loss of time during the planting season rush. This was 
accomplished by permanently affixing the dry fertilizer application equipment 
to the tractor and using a tool bar-unit planter. 
Starter fertilizer was conveyed from the tractor mounted hoppers to the 
tool bar mounted double disk applicators by flexible rubber hoses. With this 
arrangement, the strip till-planter was made up by removing the planter units 
from the tool bar planter and mounting them on the rear tool bar of the strip 
tiller. 
The fertilizer hoses were fastened to the front tool bar of the strip tiller. 
This resulted in the starter fertilizer being immediately incorporated by the 
strip tiller. 
Reduced conventional system The equipment used for and perform-
ancc of the jobs in this system was similar to the 1966 study. 
The disk harrow used for the stalk disking job on the spring plowed plots 
was a John Deere 19-foot, BW series tandem disk with 20-inch blades. The 
operating depth and gang angle setting was similar to that used in the 1966 disking 
job. The IHC model 37 disk used on the 1966 plots was also used on the location 
III plots that were plowed in the fall of 1966. 
The use of a Noble harrow attachment and disk type coulters was the only 
modification in plow equipment or operation for the spring plowed plots. Figure 
15 shows the equipment used for the 1967 plowing job. 
53 
A sixth knife standard was added to the same NH3 applicator used in 1966. 
Row spacing was changed to 30 inches. Injection knives were operated at an 
eight-inch depth. The spring tooth harrow job was an exact duplication of the 
1966 job. 
The planting equipment used in 1967 is shown in Figure 16. A six-row 
John Deere dry fertilizer planter attachment was mounted on a tool bar that 
was rigidly fixed to the rear axle carriers of the tractor. Fertilizer feed augers 
were driven by a hydraulic motor with application rates controlled by a 12 
position flow control valve. 
The planter was three point-hitch mounted and consisted of two three-inch 
tool bars connected by four 24-inch toolbar spacer clamps. The front bar carried 
six 12-inch double disk fertilizer openers. The rear bar carried six Allis 
Chalmers model 52 planter units. Row spacing was 30 inches. The planter units 
were equipped with a set of spray nozzles for a band application of liquid herbicide. 
The herbicide supply t:mk was mounted on the tractor frame between the front and 
rear wheels. A PTO driven sprayer pump was used and spraying controls were 
mounted to the side of the tractor seat. 
To facilitate filling the fertilizer hoppers, a wooden plank was fastened to 
the planter between the two toolbars. With the planter in the transport position, 
the plank was at truck bed level for easy removal of bagged fertilizer from a 
truck bed and simultaneously was at the proper height to make an easy job of 
filling the fertilizer hoppers. 
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Figure 15. Equipment used for the 1967 plowing job 
Figure 16. Planting equipment used in 1967 
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The cultivator used for the first and second cultivation jobs was an IHC 
53 series, rear mounted, six row 30-inch unit with one tool gang per row. Each 
gang contained two ten-inch half sweeps and one 15-inch center sweep. Cultivating 
depth was three to four inches. 
Granular insecticide (Diazinon) was applied during first cultivation through 
the use of Noble insecticide applicators. The applicators were mounted on the 
fertilizer hopper tool bar and driven by a hydraulic motor. Spreader drops from 
each metering unit were used to release the insecticide in a ten-inch band, at a 
30-inch height, centered over the corn row. 
Rotary strip till system The equipment for and performance of the 
NH3 application and the second cultivation jobs was identical to those jobs in the 
reduced conventional system. 
The only changes from 1966 in the strip till-plant job were that an 
insecticide application was not included, liquid herbicide was used instead of 
granular and that different planter units were used. Figure 17 shows the strip 
till-plant equipment in operation. 
The first rotary cultivation job was similar to the one in 1966 except that 
an application of insecticide was included using the same insecticide application 
equipment used in the reduced conventional system. 
Rotary till system The only change in the rotary till job from that 
job in 19GG was that a Howard Rotavator model S-100 tiller was used instead of 
the model M-100 used in 19GG. Type of blades, rotor speed, rotor configuration, 
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Figure 17. Strip till planting job in progress 
Figure 18. Rotary tiller used in 1967 
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and operating depth for both tillers was similar. The S-100 tiller is shown in 
Figure 18. 
Crop cultural and management factors An application of 150 pounds 
per acre of NH0 and other preplant operations were completed in late April and .... 
early May. An exception to this was that the reduced conventional system plots 
at location III were disked and plowed in the fall of 1966. 
DeKalb XL-45 was planted at a theoretical rate of 22,000 seeds per acre. 
Planting dates were May 1G to 19 for plots at location IV and May 22 to 23 for 
plots at location III. 
Two hundred pounds per acre of G-24-24 starter fertilizer were applied by 
planter attachment. Atrazine was applied as a spray by planter attachment in a 
14-inch band over the row. 
All plots were first cultivated during the period from June 29 to July 2. 
Granular Diazinon was applied during this job. Strip till and rotary tilled plots 
at location III were cultivated a second time on July 11 and 12. 
Procedure for determining corn yields and related factors 
Initial and final plant populations Stand counts were determined by 
counting the corn plants in 100-foot row lengths. Four stand counts were made 
in each of three sections of a plot. These 12 stand counts were averaged and used 
to calculate the plant population for the plot in plants per acre. 
Initial stand counts were taken before first cultivation and final stand 
counts were taken in mid-August. 
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Weed weights Weed infestation samplings were made during mid-
August along with final stand count determinations. Each sampling consisted of 
hand harvesting the weeds in a six-foot length of row. Two weed samplings were 
taken in each of three sections of a plot in 1966 and four samplings per section in 
19G7. One weed sample per three plots (one replication) was collected and dried 
to determine the moi.sturc content. 
The samplings for each plot were averaged, corrected to a dry weight 
basis and then used to calculate weed weights in pounds-dry matter per acre. 
Corn yields A three row corn combine was used to harvest the plots. 
The corn harvested from each plot was weighed . Corn moisture content was 
determined by oven drying two corn samples collected from each plot. Corn 
yield for each plot was calculated and corrected to number two shelled corn. 
Yield Experiments 
Location and ex-perimental design - 1966 
Yield trials in 19GG were located at the Agronomy-Agricultural Engineer-
ing Research Center, seven miles west of Ames. Soil type was a Clarion 
Webster complex. 
A completely randomized design was used with six replications of the 
three selected treatments. As illustrated in Figure 19, the plot layout included 
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Location and experimental design - 1967 
The 1967 yield trials were located in the same area as were the 1966 
trials. The design was a randomized complete block with 12 replications of the 
selected treatments. Plot length was 190 feet with six 30-inch rows per plot as 
shown in Figure 20. 
Crop culture and management 
19GG Cropping season The plot area received 200 pounds per acre of 
NH3 . All preplant tillage jobs were compatible to the preplant jobs for the input 
trials . 
On May 5, the plot area was planted to DeKalb XL-45 at a theoretical rate 
of 24,000 kernels per acre. Two hundred fifty pounds per acre of 6-24-12 starter 
fertilizer \vas applied by planter attachment. 
The plots were shovel cultivated in the second week of June. Due to a 
serious volunteer corn problem, the plots were hand thinned in an attempt to 
eradicate the volunteer corn. After a second shovel cultivation of all plots during 
the last week of June, the plots were again hand thinned to try to obtain a reason-
able population level. 
19G7 Cropping season The plot area selected was located about 200 
yards from the plot area used in 19GG. The area received a surface application 
of 500 pounds per acre of :33. 5-0-0 and 250 pounds per acre of 0-20-20 fertilizer . 
. -\11 preplant tillage jobs were performed so as to be exactly representative of 
their equivalent jobs in the 1967 input trials. The plots were planted with DeKalb 
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Figure 20. Map of plot layout for selected tillage s ys tem yield comparisons - 1967 
~ 
62 
XL-45 on May 25 at a theoretical planting rate of 22,000 kernels per acre. 
Ramrod was applied in a 14-inch band over the row and 250 pounds per acre 
starter fertilizer was applied with the planter attachment. 
Granular Diazinon was applied on all plots during the first cultivation on 
June 28. All plots were shovel cultivated a second time on July 9. 
Procedure for determining corn yields and related factors 
Initial and final plant populations Procedure for determining initial 
and final plant populations was the same as that used in the input trial plots 
except that only two stand count determinations per plot were taken and averaged. 
Weed weights Weed weight determination procedures were also simi-
lar to those used in the input trials. The only deviation was that only two six-foot 
weed samplings were taken and averaged per plot. 
Corn yields Yield determinations for each plot were made by harvest-
ing, as ear corn, the entire plot except one border row on each side. The ear 
corn harvested from each plot was directly weighed and shelled and a sample taken 
for a moisture determination. 
The corn yield for each plot was then calculated and corrected to number 
two shelled corn. 
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THE MATHEMATICAL FIELD WORK MODEL 
,\ nwjot· consiclet·ation in the ev[lluation of machinery systems is the 
relationship between the field work capacity of a system and the interaction 
between variable weather conditions and timeliness of field work. In this study, 
a mathematical field work model developed by Link (37) was used to predict job 
completion probabilities for each selected tillage system. The job completion 
probabilities were then used to estimate compatibility between the selected till-
age systems as well as job compatibility within systems. 
Description of the Model 
The mathematical model utilizes probability theory to estimate the 
timeliness of field work using stochastic weather predictions and effective job 
capacities. Variations of queing theory and Program Evaluation and Review 
Technique (PERT) were used in deriving relationships between jobs in the 
machine systems. 
Terminology in the Model 
To describe the procedure of the model, it is necessary to define the 
terms used in the development of the model. The following terms as defined by 
Frisby (~G) were used in developing the model. 
1. Job (r) - A single machine operation or a group of related operations 
performed simultaneously. 
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2. Sequence (A) - A collection of jobs (prescribing a machine system) 
performed during the culture of a given crop. The jobs must be per-
formed singly and in the prescribed order. 
3. Initiator - The first job in a sequence. 
4. Predecessor - The job immediately preceding a given job in a 
sequence. The initiator has no predec'essor. 
5. Successor - The job immediately following a given job in a sequence. 
G. Time increment (t) - A division of the time of year into small, uni-
form, mutually exclusive intervals. 
7. Arrival probability (fk) - The probability that a given job will arrive 
during some time increment tk. 
8. Holding probability (hij) - The probability that a given job will be com-
pleted during the time increment ti if it were started during a pre-
ceding time increment tj. 
9. V:tcant interval probability (Onk) - The probability that a given job 
will arrive during some time increment ~ if its predecessor was 
completed during some previous time increment, tk. 
10. Completion probability (g11 ) - The probability that a given job is com-
pleted during the time increment tn. 
11. Cumulative arrival probability (CPA) - The summation of the arrival 
probabilities (f) to the beginning of a given week. 
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12. Cumulative completion probability (PC) - The summation of the 
completion probabilities (g) to the end of a given week. 
Mathematical Procedure of the Model 
The initiator for the machine system sequences could arrive anytime 
after the beginning of the first climatic week (March 1) provided one good day 
had occurred. Table 8 gives the arrival probabilities and cumulative arrival 
probabilities computed for weather conditions at Ames, Iowa. 
Table 8. Arrival and cumulative arrival probabilities for selected system 
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Cumulative probability of 
arrival by the end 






aSee Frisby ( 26) for method of determining arrival probabilities. 
(i(i 
The holding probability (hij) was then calculated for the initiator. The 
probability of job completion (PC) for the initiator by the end of a given time 
increment was determined by summing the probability of completion (~) during 
each time increment tn. 
With the probability of completion (PC) of the initiator known and the 
vacant interval probabilities (0nk) known, cumulative arrival (CPA), holding 
(hij), and cumulative completion (PC) probabilities were determined for the 
second job. Each successor in the sequence was thus analyzed by using the 
cumulative completion probability which relates the arrival date of the successor 
to the completion date of its predecessor. 
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APPLICATION OF THE MODEL TO OBTAIN 
SYSTEM COMPATIBILITY INFERENCES 
Within system compatibility and between system compatibility were 
determined for the selected tillage systems by using the machine sequence 
programmed timeliness model used by Frisby (26) . The harvest sequence was 
eliminated from the model and for the two rotary tillage sequences, the program 
was further modified by deleting the fall tillage job from the sequence . The 
analys is was done on an IBM 3GO/G5 at the Iowa State University Computation 
Center. 
Because it is common practice for farmers in central Iowa to fall plow 
from 50 to 100 percent of their corn ground in preparation for the following 
cropping season, the conventional tillage sequence as analyzed included a fall 
tillage job. Seventy-five percent of the total stalk disking and plowing jobs 
was assumed to be completed in the fall leaving 25 percent of these two jobs to 
be completed in the spring before planting. Table 9 gives the tillage system 
sequences as analyzed with the timeliness program. 
Weather Probability Inferences 
The holding probability, hij• as calculated in the model, requires informa-
tion concerning the effect of weather conditions on the performance of jobs in the 
sequ<:>ncc. These weather conditions for central Iowa were secured by Link (37) 
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Table 9. Tillage system sequences as analyzed with the timeliness program 
Job number 








Disk stalks (25%) 
Plow (25%) 
Apply NH;3 




Disk stalks and plow 
(75%) 
System 




Rotary cultivate 1 





Shovel cultivate 1 
Shovel <;ultivate 2 
from information recorded in the personal diary of Mr. Charles N. Brown, 
retired manager of the ISU-Ames Agronomy Farm. 
Link fitted a binomial distribution to ·the occurrence of good and bad days, 
as recorded by Brown and separated the year into time increments designated as 
climatic weeks. Table 10 gives Uw smoothed binomial probability (P) of any day 
being good by climatic weeks. An explanation of the use of the weather probability 
inference s (P) for determining the holding probabilities is given in Frisby (26). 
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Table 10. Probability that any day in a climatic week will be favorable for 
performing field operationsa 
b 
Smoothed binomial 
Week Inclusive dates probability of 
any day being good 
3 March 15 - March 21 0.0595 
4 March 22 - March 28 0.2143 
5 March 29 - April 4 0.4523 
6 April 5 - April 11 0.6790 
7 April 12 - April 18 0.7500 
8 April 19 -April 25 0. 7639 
9 April 26 - May 2 0.7643 
10 May 3- May 9 0.7751 
11 May 10 - May 16 0.7975 
12 May 17 - May 23 0.8088 
13 May 24- May 30 0.8032 
14 May 31 - June 6 0 . 7875 
15 June 7 - June 13 0.7786 
16 June 14 - June 20 0.7902 
17 June 21 - June 27 0.8172 
18 June 28 - July 4 0.8501 
19 July 5 - July 11 0.8776 
20 July 12 - July 18 0.8862 
21 July 19 - July 25 0.8840 
22 July 26 - August 1 0.8873 
23 August 2 - August 8 0.8776 
24 August 9 - August 15 0.8830 
25 August 1G - August 22 0.8843 
2G August 23 - August 29 0.8733 
27 August 30 - September 5 0.8722 
~8 September (i - September 12 0.8847 
2!) September 13 - September 19 0.8887 
~w September 20 - September 26 0.8753 
31 September 27 - October 3 0.8753 
:~2 October LJ - October 10 0.8604 
aFrom Frisby (2G). 
bProbability for weeks omitted is nearly zero. 
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October 11 - October 17 
October 18 - October 24 
October 25 - October 31 
November 1 -November 7 
November 8 - November 14 
November 15 - November 21 
November 22 - November 28 
November 2~) -December 5 
December G -December 12 
Smoothed binomial 
probability of 










Job Arrival and Completion Dates 
The programmed model required the use of job arrival and completion 
dates. These dates took priority over the holding and vacant-interval probabilities 
calculated by the model and assured that a particular job in the sequence would 
not begin too soon or continue too long irrespective of the job arrival probabilities 
calculated in the model or the acreage covered by the sequence. Specified arrival 
and completion dates were in terms of climatic weeks. Each job could arrive on 
the first day of the specified climatic week and completion was required by the 
lasl cia.\· of the climatic week specified for completion. 
Arriv:~l criteria for the initiator of each sequence were those used by 
Frisby (~(i) for his initiator (spring plowing). These criteria specified that the 
first c limatic week be used as the arrival date for the sequence initiators. 
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April19, corresponding to the first day in the eighth climatic week, was 
selected :1s the arrival date for planting. This arrival date was determined from 
data collected by Marley and Ayresa and from a date of planting study reported by 
Frisby (2G). As shown by Figure 21, this date is not the optimum planting date. 
However, the entire planting job is usually prolonged until the latter part of May, 
and this makes an earlier arrival date for planting more desirable because of a 
higher average corn yield on a larger corn acreage. 
Since a harvesting sequence was not included in any of the tillage system 
sequences, it was not possible for the programmed model to calculate the arrival 
probabilities (PA) and cumulative arrival probabilities (CPA) for the fall tillage 
job. Hence, PA and CPA values for the fall tillage job were read into the pro-
gra.mmed model with values of 1. 0. The arrival date used for the beginning of 
fall tillage work was September 27 or the beginning of the 31st climatic week. 
It was assumed that the harvesting job would not require the use of a large tractor 
and therefore that the fall tillage job (disking stalks and plowing) would be per-
formed on a part-time basis after the beginning of harvest. 
The selection of completion dates for all jobs was based on common 
chronological cropping practices in central Iowa. Table 11 lists the arrival and 
completion priority dates for the specific jobs in terms of climatic weeks. 
aM:1rley, S. J. :1nd Ayres, G. E . , Assist:1nt Professor and Associate 
rcspccLivcly, Agricultural Engineering Department, Iowa State University, Ames, 
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For implementation of the programmed model, a determination of the 
number of good days required to complete each job in the selected sequences was 
needed. 
A simple computer program was written to calculate the number of good 
days required for job completion at acreages from 100 to 1000 acres in 20-acre 
increments. 
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Field capacities for each job were calculated from job time data averaged 
over the 1966 and 1967 seasons. Day-length for preplant and fall tillage jobs was 
assumed to be nine hours. For planting and cultivating jobs, a ten hour day length 
was assumed. The only exception was that the day-length used for the spring tooth 
harrow job in the conventional system sequence was ten hours instead of nine 
hours as was used for other preplant jobs. 
The assumed day-length refers to time actually spent at the field site. 
Therefore, the number of days as calculated in the program (acres/field capacity 
x day length) only includes delay times included in the field capacity value (i.e. 
tm11 time, down time, and fill time). No allowances were made for travel to and 
from the field site, repairs and maintenance of equipment, handling and trans-
porting of seed, fertilizer and pesticides, etc. It was assumed that the farmer 
reserves enough time, over and above the nine or ten hour day-length already 
appropriated, to complete these non-productive chores. Table 12 gives field 
capacity, as calculated from mean job time data, and day-length values used in 
the day program. 
To comply with the input required for the programmed timeliness model, 
all spring preplant jobs in each system were grouped together to make up a single 
preplant job. 
ThC' number of days required to complete this single preplant job was 
determined by the same day program. The output of the day program for each 
selected system is tabulated in Appendix B. 
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Table 12. Field capacity and day-length for selected systems 
Field capacity Day-length 
Systems Job sequence (acres/hour) (hours) 
Disk stalks (25%) 12.50 9 
Plow (25%) 2. 71 9 
Apply NH3 6.41 9 
Harrow 12.65 10 
Conventional Plant 5.41 10 
Shovel cultivate 1 6.10 10 
Shovel cultivate 2 7.19 10 
Disk stalks (75%) 12.50 6 
Plow (75%) 2. 71 6 
Apply NH3 5. 71 9 
Rotary Strip till-plant 3.79 10 
strip till Rotary cultivate 1 4 . 63 10 
Shovel cultivate 2 6.41 10 
Apply NH3 5.95 9 
Till 4.05 9 
Rotary till Plant 5.26 10 
Shovel cultivate 1 5.03 10 
Shovel cultivate 2 7.04 10 
Determination of Maximum System Capacities 
The programmed timeliness model calculated a table of cumulative 
arrival probabilities (CPA) and completion probabilities (PC) for the grouped 
prepl::mt and other jobs malting up a system. An analysis was made at each 
incrementnl acreage from 100 to 1000 acres in 20-acre increments. This pro-
duced a combination CPA, PC table for each system and for each incremental 
acreage. 
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With the calculated completion probabilities (PC) as the capacity limiting 
criteria, the maximum allowable acreage for each system was determined. Using 
a completion probability requirement of 0. 98, the incremental acreage where the 
completion probability of one or more jobs dropped below 0. 98 was considered to 
be the maximum system capacity. 
The use of a 0. 98 probability of completion (PC) requirement for all jobs 
greatly limited each system's maximum capacity as well as prohibiting within 
system job compatibility. The second cultivation job was the limiting job and 
limited each system at about one-half of the maximum capacity of all other jobs 
in the system (refer to Table 10). 
Reflecting back over two years of field experience with the selected sys-
tems, it was decided that by standardizing on a band application of Atrazine, one 
could assume that a second cultivation in the reduced conventional system would 
be required 20 percent of the time (years) and that with each rotary tillage system, 
a secono cultivation would be requ irecl 50 percent of the time (years). 
The probability of completion requirements for the second cultivation job 
were then respectively set at 0 .20, 0. 50, and 0. 50. Using these criteria, the 
second cultivation job was still found to be the job limiting maximum system 
capacity as shown in Table 13. 
To utilize the higher cost primary tillage and planting equipment more 
fully, the second cultivation job was eliminated from consideration in determining 
the maximum system acreage capacity. A penalty for not completing second 
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Table 13. Maximum system capacities according to various limiting criteria 
Maximum system capacities 
System Second Partial second Second Difference 
cultivation cultivation cultivation 
limiting limiting non -limiting 
Conventional 360 520 740 220 
Rotary strip till 360 480 780 300 
Rotary till 320 440 620 180 
cultivation was applied to the difference between this maximum capacity (deter-
mined by eliminating second cultivation) and the previous maximum capacity 
(using completion probabilities for the reduced conventional and rotary systems 
of 0. 20, 0. 50, and 0. 50 respectively). 
The penalty applied to the acreage difference was determined from chemi-
cal weed control experiment data collected by Lovelya. Several weed control 
experiments in 1960, 1961, and 1962 included as sub-plot treatments, both one 
and two cultivation treatments. The difference in corn yields between plots that 
were cultivated once and those that were cultivated twice, averaged 6. 9 bushels. 
When based on the average yield of the plots that were cultivated twice, the penalty 
rate came to a 5. G percent reduction in corn yield. 
aLovely, W. G., Investigations Leader, ARS, USDA. Agricultural Engi-
neering Department, Iowa State University, Ames, Iowa. Weed control research. 
Private communication. 1968. 
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ln 100 bushel/acre corn, the penalty rate would be about $G. 00/acrc. 
Operating at maximum system capacity (second cultivation not limiting) the 
farmer could figure that his limited second cultivation capacity would penalize 
him an amount equal to the acreage difference listed in Table 13 multiplied by the 
completion probability requirement (0. 20, 0. 50, or 0. 50) and by the penalty rate 
but minus the cost of performing the job. He would have to weigh this penalty 
against the possibility of custom work, post emergence chemicals, etc. 
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DETERMINATION OF MACHINERY COSTS 
Cost Components 
The cost of performing a field operation includes an implement component, 
a power component, and a labor component. The implement and power com-








repairs and maintenance 
fuel 
lubricants (grease, oil, and filters) 
Fixed Costs 
Fixed costs are those costs which occur as a fixed yearly amount inde-
pendent of how much an implement or tractor is used during the year. 
Using recommendations and data set forth in ASAE Data: ASAE D230.1 (3 ), 
fixed costs for this study were based on remaining farm value formulas given for 
various machinery groups. The following remaining farm value formulae as 
g-iven in ASAE Data: D230. 1 (~1), were used to determine remaining tractor value 
and remaining implement values for the tillage and planting machinery used in 
the study: 
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RTV(n) = 0. 675 (0. 933)n P 
RIV(n) = 0. 618 (0. 895)n P 
Where: n = age in years 
RTV (n) = remaining tractor value at the end of year n 
RIV (n) = remaining implement value at the end of year n 
P = retail list price 
For the study, it was assumed that all machinery was purchased new on 
January 1, 19G8, at the manufacturer's suggested retail list price or its equiva-
lent. Suggested retail list prices, f. o. b. Ames, Iowa, for the machinery used in 
the field work trials is given in Table 14. As different implements were used for 
the same jobs over the two years, the implements chosen for the cost analysis 
were those which were most representative of an actual farming situation. 
Depreciation and interest 
Depreciation cost i s an annual charge made to recover the invested 
capital in a depreciating machine and reflects an annual decrease in value of the 
machine caused by wear, obsolescence, damage, etc. Interest cost reflects an 
annual opportunity cost charge made on the unrecovered capital invested in a 
machine. 
Depreciation and interest costs for this study were determined by the exact 
method (4n). By this method, ctcprcciation and interest costs arc determined 
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Table 14. Retail list prices of equipment used for the cost study 
Machine Manufacturer Model no. Size Retail 
list price 
Tractor IHC 806 diesel 94 hp $8672.00 
Disk harrow IHC 470 20ft 1887.00 
Plow Oliver 5G5 80 in 1465.00 
NH..., applicator 
,) 
John Beam 300 gal. 15ft 1292.70 
Spring tooth harrow John Deere 10 20ft 832.00 
Planter John Deere AN 694 15ft 2394.00 
Strip tiller Sidewinder RC 180 15ft 3200.00 
S. T. plantera S/ W Dempster 15ft 2007.00 
Rotary tiller Howard Rotavator s- 100 100 in 2495.00 
Shovel cultivator John Deere RG 630 15ft 997.00 
alncludes six unit planters, hydraulic row markers, and liquid fertilizer 
application equipment. 
simultaneously by the application of a capital recovery interest factor to the 
depreciable investment base. In addition to this, a straight interest charge is 
made on the nondepreciating base (salvage value). 
Salvage values and consequently the depreciable investment base were 
de term inccl from equations 1 and 2. It was assumed that obsolescence of the 
machinery would be the governing factor with respect to service life. A service 
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life of eight years was used as this was thought to reflect the current feelings of 
fa rmers toward obsolescence. An interest rate of six percent was used. 
The following equation was used to determine the annual depreciation and 
interest costs for the machinery given in Table 14. 
DI = (1. 03 Pa - L) (a/p)~ + Li 
Where: DI = annual depreciation and interest charge 
P = retail list price 
L = salvage value 
n = service life 
i = interest rate 
(a/p)i = capital recovery factor for the service life (n) and 
n 
interest rate (i) 
A sample calculation for the DI cost allocated to the tractor is given as 
follows : 
For : n = 8 
i = 0. 06 
L = RTV = 0. 675 (0. 933)8 P = 0. 3876P (n) 
Then: DI = (1. 03P - 0. 3876P) (a/p)~ + (0. 3876)P(O. 06) 
DI = (0. G424P) (0.16104) + (0. 0233)P 
DI = 0.12GG8P 
From Table 14: P = $8672.00 
Then: DI "" $1098. 74 
a1. o:~ P includes a three percent sales tax. 
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This calculation procedure was followed to determine the DI cost charges 
for all implements listed in Table 14, with the exception that equation 2 was used 
to determine the salvage value (L). 
Taxes, housing, andinsurance 
These fixed costs are proportional to the remaining value of various 
machines. They were each determined by applying a rate for taxes, housing, 
and shelter to the remaining value of the machine taken at the beginning of each 
year, summed over the service life, and averaged. The following equations give 
the averaged remaining values for the tractor and implements to which the rates 
for ta.--..;:es, housing, and shelter were applied: 
Using equations 1 and 2 : 
n-1 
ARV(T) = (P + f RTV)/n 
n-1 
ARV (I) = (P + t RIV)/n 
Where: ARV (T) = average remaining tractor value 
(4) 
(5) 
ARV (I) = average remaining implement value 
n = service life 
P = retail list price 
The Utx rate was found by assuming an assessed value of 40 percent of 
the average remaining value and a property tax rate of five percent of the assessed 
value. This gave a tax rate of two percent of the average remaining value . 
A housing rate of one percent of the average remaining value was taken 
from the ASAE Data: D230.1 ( ~3 ). 
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The insurance rate was determined by assuming a coverage base of 80 
percent of the average remaining value and an insurance cost of$. 75 per 
$100. 00 of coverage. This resulted in an insurance rate of . 6 percent of the 
average remaining value. 
The equations used to determine the taxes, housing and insurance cost 
a llocations are given as follows: 
T = 0. 02 (ARV) (6) 
H = 0. 01 (ARV) (7) 
I = 0. OOG (ARV) (8) 
The following sample calculations illustrate the use of these equa tions 
for the calculation of taxes, housing, and insurance cost charges for the tractor 
used in the study : 
For n = 8 
7 
ARV(T) = (P + ~ RTV)/n = (P + 3. 6149P)/8 
ARV (T) = (4. 6149P)/n = 0. 5768P 
Then: T = 0. 02 (0. 5768P) = 0. 01154P 
H = 0. 01 (0. 57G8P) = 0. 00577P 
I = 0. 006 (0. 5768P) = 0. 00346P 
Whe re: T = annual tax charge 
H = annual housing charge 
I = annual insurance charge 
From Table 14: P = $8672.00 
Then: T = $100.04 
H = $ 50.04 
I = $ 30 .01 
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Annual tax, housing, and insurance costs were calculated for the implements 
using equations 5, G, 7, and 8 and the retail list prices from Table 14. 
Variable Costs 
Annual variable machinery costs are proportional to the magnitude of 
annual machine use. The repair and maintenance costs are also proportional to 
the retail list price of the machine. 
Repairs and maintenance 
Factors that express annual repairs and maintenance costs as a percentage 
of retail list price per hour of use were taken from Smith and Oliver (50) and are 
given in Table 15 for all machines except the strip tiller and the rotary tiller. 
A derivation of the repairs and maintenance factor for the rotary tillers is given 
in Appendix G. 
Repair and maintenance costs allocated to the machine performing a 
particular job over a specific acreage was the product of the repairs and main-
tenance factor, the retail list price of the machine, and the hours of machine use 
over the specified number of acres. 
The number of hours a machine was used for particular job was calculated 
by the sarnc computer program used to calculate the number of good days 
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required for job completion. The program was modified to calculate the number 
of hours required for job completion for acreages of 100 to 1000 acres in 20-
acre increments. 
Table 15. Factors used to determine variable machinery costs 
Repair and main t. Fuel Job 
System Job cost factor use time 
$/hr/P gal/A hr/A 
Disk stalks 0.00065 0.438 0.080 
Plow 0.00074 1.994 0.369 
Conven- Apply NH3 0.00055 0.504 0.156 
tional Spring tooth harrow 0.00060 0.435 0.079 
Plant 0.00070 0.424 0.185 
Shovel cultivate 1 and 2 0.00060 0.574 0.192 
Apply NH3 0.00060 0. 518 0.175 
Strip Strip till-plant and rotary 
till cultivate 1 0.00058a 1. 867 0.480 
Shovel cultivate 2 0.00062 0.250 0.078 
Apply NH3 0.00060 0. 515 0.168 
Rotary Rotary till 0.00066a 1.400 0.247 
till Plant 0.00070 0. 368 0.190 
Shovel cultivate 1 and 2 0.00062 0.696 0.270 
aGiven in Appendix G 
Fuel and lubricants 
The amount of fuel required to perform each job in each selected system 
was taken as the average of the fuel use in gallons per acre determined for each 
job from the four input trials. The average fuel use for each job was converted 
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to fuel cost per acre by applying a fuel price of $0.165 per gallon. The average 
fuel use values are given in Table 15. 
The cost of tractor lubricants (grease, oil, and filters) is proportional 
to the amount of fuel used by the tractor. A charge of 15 percent of the fuel cost 
was used to reflect this cost of lubrication. This value was taken from ASAE 
Data: D23 0.1 (3). 
The sum of the fuel and lubricant charges gave a single allocation for 
these costs of 1.15 times the fuel cost. 
Labor cost 
The labor cost associated with each job in each system reflects the amount 
of time required to perform the job and is referred to as job time. 
Labor costs for each job in the study were determined by applying a labor 
c harge of $2. 00 per hour to the average job time. The average job time for each 
job was found by averaging the four similar job times as determined from the 
input trials . The averaged job times as used in the labor cost determination are 
given in Table 15. 
Annual Tillage Machinery Costs by Job 
A computer analysis was used to investigate the annual tillage machinery 
costs for each job in each selected tillage system. The total cost and the per 
acre cos t of performing the jobs were determined for acreages of 100 to 1000 
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acres in 20-acre increments. Jobs within a system which commanded the use 
of the same implement were grouped together for the analysis. 
The analysis for each job or grouped job in a system included the compu-
tation of each fixed cost component and summing them to determine the total 
fixed cost. 
The repairs and maintenance costs, fuel and lubricant costs, and labor 
costs were then computed at each incremental acreage. The total variable cost 
for each incremental acreage was then the sum of these components. 
Total fixed and variable machine costs for each incremental acreage were 
then the sum of the variable machine cost value for the incremental acreage and 
the constant fixed cost value. 
A cost for tractor power consisting of the tractor fixed and repair and 
maintenance costs were allocated to the job at each incremental acreage. The 
value of the allocation for each job in a system was a percentage of the total time 
the tractor was used for all jobs in the system. The percentage was determined 
from a ratio of the particular job time to the sum of all job times in the system. 
As the job time percentages were proportional to the field capacities for the 
various jobs, the percentages were constant irrespective of the incremental 
acreage. The percentages of total tractor fixed and repair and maintenance 
costs allocated to each job within a system are given in Table 16. 
The addition of the tractor power cost to the total fixed and variable 
machine costs at each incremental acreage gave the total cost of performing the 
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Table 16. Percentage of tractor fixed and repair and maintenance costs 
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job (or grouped job) at that incremental acreage . Dividing by the incremental 
acreage gave the total per acre cost of performing the job at that acreage. 
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RESULTS AND DISCUSSION 
Definition of Terms 
The following expressions were used to characterize the results of the 
analysis of variance investigations: 
* == significant difference detected at the five percent probability 
level 
** == significant difference detected at the one percent probability 
level 
ns == no significant difference detected 
c1 == orthogonal comparison of the reduced conventional system 
versus both forms of rotary tillage 
c2 == orthogonal comparison of rotary strip tillage versus rotary 
tillage 
ANOV == analysis of variance 
Fuel Use 
A summary of fuel use values for the jobs in each system, averaged over 
locations within a year, is given in Table 17. The total mean fuel use varied from 
2. 65 gallons per acre for the rotary strip till system to 4. 37 gallons per acre for 
the reduced conventional system with a value for the rotary till system of 2. 98 
gallons per acre. 
An analysis of variance investigation at each location (summarized in 
Table 18) showed that this difference among treatments was significant at the one 
91 
Table 17. Fuel use by job and tillage system 
System Job sequence 
Fuel use (gal/acre) 
1966 1966a 1967 Meanb 
Disk stalks 0 . 684 0. 499 0.377 0.438 
Plow 2.394 1. 748 2 . 260 1. 994 
Apply NH..., 0.664 0 . 485 0 . 522 0.504 
.:> 
Conventional Harrow 0.502 0.366 0 . 505 0.435 
Plant 0.566 0.413 0.434 0.424 
Shovel cultivate 1 0.431 0.431 0.518 0 . 474 
Shovel cultivate 2 0 . 523 0.523 0.475c 0 . 499 
Total 4.464 5.091 4.369d 
Apply NH3 0.697 0.509 0 . 527 0.518 
Strip-till Strip till-plant 1. 366 0 . 961 1.110 1. 053 
Rotary cultivate 1 0.995 0 . 995 0.668 0. 832 
Shovel cultivate 2 0.525c 0 . 477 0.501 
Total 2.990 2.782 2.653d 
Apply NH3 0 . 697 0. 509 0.520 0.514 
Rotary till 1 . 595 1 . 164 1.635 1 . 400 
Rotary-till Plant 0.475 0.347 0. 389 0.368 
Shovel cultivate 1 0 . 436 0.436 0.478 0.457 
Shovel cultivate 2 0.504 0.504 0.450 0.477 
Total 2 . 960 3 . 472 2.976d 
a1!)(i(i Fuel usc data was transformed from gasoline use values to a diesel 
base by applying a factor of 0. 73 taken from ASAE Data: D230.1 (3). 
b Mean of 1966a and 1967 values . 
cThese values were estimated by using a ratio of a similar job; one from 
another system, applied to the similar value from a previous or following year. 
dTotal mean value was adjusted according to completion probability 
criteria used for this job. 
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percent level. The C1 and c2 contrasts indicate that the difference among treat-
ments in 1966 was due to the C1 contrast only, but that in 1967 this difference 
was due in part to both contrasts. Complete ANOV tables for fuel use at each 
location are given in Appendix D. 
Table 18 also gives the standard errors of the location means given in 
Table 19. 
The high fuel usc value for the conventional system is due to the exten-
siveness of the preplant tillage jobs. The amount of fuel used in the preplant 
jobs for the conventional system exceeded the amount used for all jobs in the 
rotary systems by about one-half gallon per acre. 
Job Time 
Job time data is summarized in Table 20. Total job times for the systems 
varied from 0. 733 hour per acre for the strip till system to 1. 060 hour per acre 
for the reduced conventional system. The total job time for the rotary till sys-
tem was 0. 875 hour per acre. 
The analysis of variance investigation for job time data showed that this 
difference among treatments was significant at the one percent level. The c1 
:1nd C2 contrast differences were also significant for all locations except location 
II. T:1.ble 21 summarizes the job time ANOV tables found in Appendix D. 
Standard error values given in Table 21 apply to the location means given in 
Table 22. 
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Table 18. Summary of ANOV tables for fuel use 
Location 
Source I II III 
Treatments ** ** ** 
c1 ** ** ** 
c2 ns ns ** 
Blocks ns 
Standard error 0.118 0.119 0.094 
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Shovel cultivate 1 
Shovel cultivate 2 
Total 
Job time (hours/acre) 
1966 1967 Mean 
0.120 0.077 0.079 
0.364 0.374 0.369 
0.149 0.162 0.156 
0.078 0.080 0.079 
0.193 0.177 0.185 
0.154 0.174 0.164 
0.141 0.137a 0.139 
1.199 1.181 1.060b 
0.157 0.192 0.175 
0.285 0.243 0.264 
0.279 0.152 0.216 
0.144a 0.168 0.156 
0.865 0.755 0.733b 
0.157 0.178 0.168 
0.254 0.239 0.247 
0.204 0.176 0.190 
0.176 0.221 0.199 
0.144 0.140 0.142 
0. 935 0.954 0.875b 
~These v~lues were estimated by using ratios of similar jobs, in another 
system, applied to the similar value from a previous or following year. 
bTotal mean value was adjusted according to completion probability 
criteria· used for this job. 
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Table 21. Summary of job time ANOV tables 
Location 
Source I II III IV 
Treatments ** ** ** ** 
cl ** ** ** ** 
c2 * ns * ** 
Blocks ns ns 
Standard error 0.044 0.028 0.059 0.040 





























The difference of total job times among systems does not seem significant 
until the difference is multiplied by a meaningful acreage level. Assuming an 
acreage level of 600 acres, the total job time differences become 196 hours for 
the conventional versus strip till system difference and 111 hours for the con-
ventional versus rotary till system difference. 
An interesting additional part of the job time study was the determination 
of the job time element percentages shown in Table 23. The operate element 
may be taken as the field efficiency for each job. 
Several of the field efficiency differences between similar jobs in the 
selected systems can be e>..-plained. The same problem was encountered with 
shovel cultivations except that it was compounded by a more serious weed infes-
tation problem for the rotary system. For the planting job, the strip till-planting 
job in the strip till system generated the highest job time. This could be mis-
interpreted due to a combination of the fact that the field capacity for this job is 
only one-half of the capacity for the plant jobs in the other two systems and the 
fact that fill times for all three systems were similar. 
Plant Populations, Weed Control, and Corn Yields 
Although the purpose of the input experiments was not to determine crop 
producability factors associated with the tillage treatments, it was decided to 
evaluate these factors to give an indication of whether the yield experiments were 
representative of the input experiments with regard to these factors. A summary 
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Shovel cultivate 1 
Shovel cultivate 2 
Apply NH3 
Strip till-plant 
Rotary cultivate 1 




Shovel cultivate 1 
Shovel cultivate 2 
Operate Down Turn 
element element element 
mean mean mean 
(%) (%) (%) 
95.8 0.2 4.1 
92.6 1.3 5.9 
65.6 1.3 6.1 
93.2 0.8 6.1 
60.0 2.9 4.7 
89.8 6.4 3.8 
83.9 12.4 3.7 
61.5 8.2 5.6 
64.3 6.5 6.4 
89.3 7.9 4.8 
80.2 15.1 4.7 
63.2 5.3 5.9 
93.9 2.3 3.8 
56.9 6.8 4.6 
83.4 13.5 3.2 





















aMcan values are the average of the four input experiments. Field 
efficiencies for the NH3 application jobs for the two rotary tillage systems were 
lower than for the conven_tional system due to stalk-plugging problems resulting 
from applying the NH3 on stalk ground (i.e. down element percentage was 
greater for the two rotary systems). 
of plant populations, weed weights, and corn yield are given in Table 24. A 
summary of ANOV tables for these factors is given in Table 25. Corn yield 
raw data and analysis of data is given in Appendix D. 
Table 24. Summary of plant populations, weed weights, and corn yields 
Experiment identification Yield Yield 
Factor Tillage system Locate Locate Locate Locate a Plots Plots 
I II III IV 1966 1967 
Plant Conventional 
c 
15,584 16,955 18,490 -- -- --
populationb 20,533 19,024 15,942 15,467 21,006 17,836 
(plants/acre) 
Rotary strip till -- -- 17,065 18,589 -- 18,100 
17,365 17,133 14,364 16,705 23, 896 17,171 
Rotary till -- -- 16,421 17,783 -- 18,780 
20,591 17,845 14,708 15,398 22,735 17,492 tO 00 
Weed Conventional 5897.0 233.0 217.0 172.2 0.0 149.4 
weight Strip till 4071.7 3644.5 281.3 48.8 0.0 225.3 
(lbs DM/ A) Rotary till 2364.0 1196.0 352.3 177.3 0.0 61.7 
Corn Conventional 72.9 97.5 116.9 5871. 2 70.9 116.6 
yield Strip till 59.0 66.3 91.5 5448.1 56.0 113.2 
(bu/ A) Rotary till 71.4 93.3 89.5 4835.6 62.9 106.5 
acorn yield was pounds of dry matter per acre. 
b 
First row is initial plant population and second row is final population. 
cMissing data. 



































































































































Final plant populations for a theoretical planting rate in 1%6 of 24, 000 
kernels per acre ranged from 17, 133 to 20, 591 plants per acre for the input 
e:A'})eriments and from 21, 006 to 23, 896 plants per acre in the yield experiment. 
The high final populations in the yield experiment pointed out the serious volunteer 
corn problem encountered in this experiment. The ANOV showed the final plant 
population among treatments to be significantly different at the five percent 
probability level for the yield experiment but no significant difference in final 
plant population was detected in the 1966 input experiments. 
Initial and final plant populations were not significantly different in either 
of the 1967 input ex'})eriments or the yield experiment with an exception for loca-
tion IV where a difference at the five percent level was detected for initial plant 
populations. A great deal of emphasis cannot be placed on this difference how-
ever, as the final plant populations for location IV were not significantly different. 
The weed weight data shows conclusively that the degree of weed eradi-
cation among treatments was not significantly different. High weed infestations 
in the location I experiment were due to an untimely first cultivation on these 
plots. 
Due to the difference in planting dates for the treatments at location II 
(M:1y 5 for rotary strip till versus June 3 for conventional and rotary till treat-
m e nts), a Rt'p:lrate analysis was run for this experiment eliminating the strip till 
treatment. The ANOV of the difference in weed weights among the two treat-
ments was non-significant. 
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All corn yields are given in bushels per acre of number two shelled corn 
at 15. 5 percent moisture with the exception of the location IV experiment which 
is given as a corn silage yield in pounds of dry matter per acre. Location IV 
WQS harvested early as silage due to a severe root worm problem that developed 
in late July. 
Shelled corn yields ranged from 56.0 bushels per acre to 116. 9 bushels 
per acre and corn silage yields from 4835. G pounds per acre to 5871. 2 pounds 
per acre. Yield differences were non-significant at locations I and IV. Yield 
differences among treatments were highly significant at locations II and III and 
significant for both yield experiments. 
The differences at location II were due to the low yield for the strip till 
system. This low yield was due to an untimely first cultivation which in turn 
was due to unavailability of the strip tiller at the time the first cultivation should 
have been done. This was compounded by the fact that the planting date for the 
strip till plots at location II was nearly a month earlier than either the conventional 
or rotary till system plots and therefore the untimeliness of the first cultivation 
was more critical for the strip till treatment plots than for the plots of the other 
two systems. The additional ANOV for location II (Locate IIx) shows that the 
difference between the yields for the conventional and rotary till plots was non-
significant. 
Yield differences among the treatments at location III were highly sig-
nificant. This difference was due to a difference between conventional and rotary 
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tillage (both strip and rotary till) as is shown by contrast c1 . The lower yields 
in the rotary tillage plots can in part be explained by the way the design was laid 
out over the field site. Although a randomized complete block design was used at 
this location, the rotary tillage plots were randomly assigned to sections of the 
field where low-lying, poorly-drained areas existed. This confounded the yield 
results clue Lo a flooding problem during June of 19G7. 
Results of the yield experiments in 1966 and 1967 were similar. Yield 
differences among treatments were significant at the five percent level in both 
years. Partitioning the sums of squares into the C1 and c2 contrasts showed 
that in 1966 the yield difference could be explained by a difference between con-
ventional and rotary tillage only, but in 1967, a difference between the two forms 
of rotary tillage explained part of the difference among treatments. 
These results for the 1966 yield experiment are doubtful as a serious 
volunteer corn problem developed and it is questionable whether the situation was 
improved by hand thinning. The volunteer corn problem was more serious in the 
rotary tillage plots (the rotary tillers make better corn transplanters than the 
plm\") which confoundeda the whole experiment. 
The results of the 1967 yield experiment are the most realistic with 
respect to problems that were not encountered. Treatment differences and the 
c1 and c2 contrast differences were significant at the five percent level. 
alf the volunteer corn problem had been homogeneous, the yield differ-
ences would reflect true yield differences under a volunteer corn problem. 
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The overall results of the yield determinations and qualifications for these 
results were that corn yields were always highest under the conventional tillage 
system. Yields under the rotary systems were generally slightly depressed. 
It may be noted here that for all experiments, the level of management 
for all systems was equal. If the rotary tillage systems follow true to form, a 
higher level of management would bring the yields within the range of the yields 
obtained under conventional tillage as farmer experience with other non-con-
ventional tillage systems has shown. 
Figures 22, 23, and 24 illustrate typical tillage plot appearance during 
the 19G7 season. A notation must be made with regard to the volunteer corn prob-
lem which was pronounced during both seasons. Figure 25 shows a typical before 
and after rotary cultivation in a rotary strip tilled plot. Although the lush weed 
growth between rows was fairly well controlled, a grass weed problem persisted 
in the row due to the inability of the rotary cultivator to cover these weeds. 
Compatibility of the Selected Tillage Systems 
The compatibility of the selected systems was estimated by determining 
the m:1ximum acreage capacity for each job in the system with the programmed 
timeliness model analysis. The maximum system capacities are given in Table 
2G for various limiting criteria. 
The first set of maximum acreages (full cultivate 2 considered) depicts 
the situation where all jobs, including cultivate 2, required a completion 
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Figure 22. Typical conventional plot- June 26, 1967 
Figure 23 . Typical rotary tilled plot- June 26, 1967 
105 
Figure 24. Typical rotary strip tilled plot -June 26, 1967 
Figure 25. Before and after rotary strip cultivation - July 1, 1967 
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Probability of completion 
Culti- Culti-
acreage Preplant Plant vate 1 vate 2 
360 . 999 . 991 . 989 . 986 
360 . 996 .994 . 991 . 984 
320 .999 . 990 . 982 .980 
520 .996 . 995 . 991 .255 
480 .999 .999 . 992 .495 
440 . 993 . 993 . 986 . 452 
700 .999 . 997 . 990 . 000 
780 .996 . 995 . 984 .000 





probability (PC) of at least 0. 98. In this situation, the cultivate 2 job severly 
limited the maximum acreage for all systems and suppressed job compatibility 
within the systems. 
The second set of maximum acreages reflects the position where comple-
tion probabilities for the cultivate 2 job of 0. 20, 0. 50, and 0. 50 were considered 
adequate respectively for the conventional, strip till, and rotary till systems. 
Minimum completion probabilities for all other jobs were 0. 98. The result was 
that the cultivate 2 job was still the limiting job and that job compatibility within 
systems wns still significantly suppressed. 
Although it wns nssumcd that the second set of maximum acreages is the 
one which would most nearly simulate an actual farming situation, a third set of 
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limiting capacities was determined. This set gave the limiting capacities where 
maximum compatibility within each system was achieved. These capacities 
reflect the optimum capacities when considering a least cost position. 
A situation could be considered where the maximum system acreage 
position taken by a farmer was somewhere between the requirement acreage (i.e. 
second set) and the optimum acreage. The farmer could then compensate for not 
meeting the requirements (not being able to complete the cultivate 2 job to the 
degree of the assumed probability levels for the second set) by hiring a custom 
operator to take up the slack for the acreage difference or to allocate a monetary 
penalty to each system. The penalty would correspond to the value of an assumed 
yield decrease (associated with not being able to complete the cultivate 2 job to 
the satisfaction of the assumed requirements) times the acreage difference times 
the probability of completion requirement. 
Table 27 gives the acreage differences assuming that the farmer consider-
ing the systems would choose to operate at the optimum acreage level. A sample 
cost analysis of a hypothetical situation such as this is given later in the cost 
comparison section. 
The low acreage levels for the rotary till system are explained by the 
extensiveness of the preplant job for this system. Normally one would expect 
the conventional system to be the low acreage system, but the extensiveness of 
the preplant job for this system is alleviated by including a fall tillage job to take 
care of about 50 percent of the preplant jobs associated with the conventional 
system. 
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Table 27. Acreage difference between optimum acreage level and requirement 
acreage level 
Optimum Requirement Difference X Probability 
System level level requirement 
(acres) (acres) (acres) (acres) 
Conventional 700 520 180 36 
Strip till 780 480 300 150 
Rotary till 620 440 180 90 
Annual Machinery Cost Comparison for Selected Tillage Systems 
Table 28 gives a summary of the total annual cost of performing each job 
in the systems and the summation of these costs for each system. The total costs 
for each system are plotted in Figure 26. 
The total costs are made up of the total fixed and variable costs associated 
with each job including an incremental tractor cost in proportion to the amount of 
time the tr:1ctor was used for each job. The total cost components for each job 
arc tabulated in Appendix F. 
Total costs were lowest for the rotary till system and highest for the con-
ventional system. At the 500 acre level, total cost for the rotary till system was 
$8. 88 versus $9.12 for the strip till system and $10. 23 for the conventional 
system. The cost differences with the rotary till system as the base were $. 24 
Table 28. Total annual machinery costs by job and tillage system 
Total annual cost (per acre) at eight acreage levels 
System Job 100 200 300 400 500 600 700 800 
Disk stalks 4.32 2.37 1.71 1. 39 1.19 1. 06 0.97 0.90 
Plow 8.56 5.19 4.06 3.50 3.16 2.94 2.78 2.66 
Apply NH3 4.55 2.59 1. 94 1. 62 1. 42 1. 29 1. 20 1.13 
Conven- Harrow 2.61 1. 48 1.10 0. 91 0.80 0.73 0.67 0.63 
tional Plant 6.89 3. 91 2.91 2.41 2.11 1. 92 1. 77 1. 67 
Shovel cultivate 
1 and 2 4.65 2. 71 2.06 1. 74 1. 55 1. 42 1. 33 1. 26 
I-' 
Total 31.58 18.25 14.43 11.57 10.23 9.36 8.72 8.24 0 tD 
Apply NH3 5.80 3.26 2.41 1. 99 1. 74 1. 57 1. 45 1. 35 
Strip till Strip till-plant and 
rotary cultivate 1 19. 70 11.44 8.69 7.31 6.48 5. 93 5.54 5.25 
Shovel cultivate 2 3.23 1. 78 1. 29 1. 05 0.90 0.80 0.74 0.68 
Total 28.73 16.48 12.39 10.35 9.12 8.30 7.73 7.28 
Apply NH3 5.17 2.93 2.19 1. 81 1. 59 1. 44 1. 33 1. 25 
Rotary till Rotary till 8.89 5.14 3.88 3.26 2.88 2.63 2.45 2.32 
Plant 7.45 4.19 3.11 2.56 2.24 2.02 1. 86 1. 75 
Shovel cultivate 
1 and 2 6.57 3.82 2.91 2.45 2.17 1. 99 1. 86 1. 76 
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Figure 26. Total annual machinery costs for each tillage system 
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and $1. ~l5 respectively. At the 700 acre level, these differences were $. 23 and 
$1. 22. 
The differences between the total cost for the two rotary tillage systems 
are not too significant. The differences between the rotary tillage systems and 
the conventional system are significant. At the 600 acre level, a cost saving of 
either $620. 00 or $530 .00 could be realized by using either of the rotary tillage 
systems. 
Interaction of Costs, Returns, and Compatibility 
The overall evaluation of the selected tillage systems includes the simul-
taneous consideration of costs and returns under each system and the compati-
bility of system capacities. 
A costs and returns system analysis for an overall evaluation was made 
at the GOO acre level. This level was slightly less than the optimum acreage 
level for the system with the least capacity (rotary till system) and was chosen 
(rather than G20 acres) for convenience of calculation. Corn yields were taken 
from the 1%7 yield experiment and corn price was assumed to be $1. 05. 
The system analysis is given in Tables 29 and 30. 
Tlw cost and returns system analysis can be applied on an isolated system 
at any :1c-rca~L' level up to the optimum system levels listed in Table 27. If the 
chosen level is between the requirement level and the optimum level for the 
system, then the difference between these levels is used to determine a penalty 
for not meeting the cultivate 2 completion requirement. 
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Table 29. Acreage difference to which a penalty is applied for not completing 

















Table 30. Cost and returns-system analysis 
Total cost Yield Value of Penalty 
System at GOO acres yield rate 
($/A) (bu/ A) ($/A) (%of 
value) 
Conventional 9.3G 116 . 6 122.43 5.6 
Strip till 8. 30 113.2 118. 86 5.6 
Rotary till 8.08 106.5 111.83 5.6 






Penalty a Returnb 
(total for over TC 
GOO acres) and penalty 
( $) ($/A) 
109.60 112. 89 
399.36 109.89 
500.98 97.59 
a Penalty rate times value of yield times actual acreage level difference. 
bTotal cost Rubiract.cd from the return would actually be somewhat lower 
as although there is not enough cultivate 2 capacity to meet the assumed level, the 
cost for second cultivation according to the requirement is included in the total 
cost for this job :1t the assumed level. 
lU 
From the system analysis it is clear that the return over tillage costs is 
insensitive to the cultivate 2 penalty and even more insensitive to the difference 
in total machinery costs with respect to corn yields . The value of a yield differ-
ence of less than one bushel per acre in favor of the conventional system yield 
will offset the sum of the total cost difference and negative penalty difference. 
Therefore, under equal levels of management, with the yield determination 
results given earlier, the conventional system will consistently give the greater 
returns. If the level of management under the rotary systems could be increased 
enough to bring the yields up to within one bushel per acre of the yields obtained 
under the conventional system, the returns over tillage costs could be considered 
to be similar without considering total machinery cost differences or penalties. 
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SUMMARY AND CONCLUSIONS 
The basic argument in favor of rotary tillage, that of a method of direct 
application of mechanical power to the soil, has been around for more than 100 
years. The first patent on a rotary tillage machine was obtained in 1855 and no 
doubt sprung from these arguments. Until the 1950's, rotary tillers found a very 
limited specialty market as they were unsuitable for widespread field scale use 
due Lo excessive soil pulverization and high power consumption. Research 
during the decade after 1950 showed that lower rotor speeds coupled with new 
cutting blade designs decreased the pulverization and power consumption prob-
lems. New rotary tiller designs incorporating these research findings are now 
on the market, but a formal field scale evaluation of these machines has not 
been made. 
The purpose of this study was to compare and evaluate two forms of 
rotary tillage systems for corn production with a reduced conventional system 
as the standard of comparison. More explicitly, 
1. to determine fuel use and job times at a field scale level, 
2 . to compnrc plant populations, weed control and corn yields under 
each system, 
~L to determine maximum acreage capacities for each system based 
on weather factors and timeliness of field operations, 
4 . to evaluate fixed and variable machinery costs associated with each 
system, and 
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5. to integrate the comparisons and evaluations. 
The selected tillage systems were a rotary strip till system consisting of 
four jobs, a rotary till system consisting of five jobs, and a reduced conventional 
plow system consisting of seven jobs. Fuel use, job time, plant populations, 
weed control, and corn yields were determined on a field scale basis at four 
locations over a two-year period (1966 and 1967) for a total of 15 replications of 
each treatment. In addition, populations, weed control, and yields were deter-
mined in small yield experiments in both 1966 and 1967. Maximum system 
acreage levels and consequently compatibility among systems were determined 
through the use of a programmed field work timeliness model developed by 
Link (37). Weather conditions for use in the model were those of central Iowa. 
Effective field capacities used were from the job time data collected. The fixed 
and variable machinery cost analysis for each system was mostly based on 
ASAE Data: D230.1 ( 3 ). The interaction of the various comparisons and eval-
uation was shown by an overall system analysis at a hypothetical acreage. 
The following conclusions have been drawn from this study: 
1. Fuel use and total job times were significantly lower for the rotary 
tillage systems with the strip till system generating the lowest fuel 
use and job time. 
2. Plant populations and weed infestations among treatments were simi-
lar. Corn yields were slightly depressed under both rotary tillage 
systems. The yields among the rotary tillage systems only were 
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similar. The conventional treatment consistently gave the highest 
yields. 
3. Maximum acreage capacity was highest for the conventional system 
when only a partial second cultivation job was considered. When the 
second cultivation job was not considered (except with respect to a 
penalty allocation), the strip till system generated the highest maxi-
mum acreage. The maximum acreage capacity for the rotary till 
system was consistently the lowest. 
4. Total machinery system costs were lowest for the rotary till system 
and highest for the conventional system. The total cost for the strip 
till system was slightly greater than that generated by the rotary till 
system. 
5. At equal levels of management, the lower machinery costs associated 
with the rotary tillage systems are offset by the value of a slight 
yield depi·cssion associated with these systems. 
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SUGGESTIONS FOR FURTHER RESEARCH 
1. Evaluate rotary tillage systems under an increased level of management 
and establish recommendations for the management of rotary tillage systems. 
2. Examine the versatility of rotary tillage systems as to how a combination 
fall stalk chopping job and light rotary tillage job would fit into an erosion 
control program and determine the effect of soil tilth and mulch culture on 
corn yields and erosion control. 
3. Investigate the possibility of better utilization of fertilizers and pesticides 
through improved incorporation with rotary tillage tools. 
-L Test a rotary tillage system where only a four or five-inch strip is rotary 
tilled. 
5. Determine cost of operations when placing premium costs on high priority 
cultural periods and evaluate tillage systems using these costs. 
G. Establish an overall farm production planning procedure whereby available 
land, labor, capital, and management resources could be used together 
with input information on crop production systems, livestock production 
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APPENDIX A. RAW INPUT AND ASSOCIATED DATA 
PLOT IDENTI F ICATION- JDI! = DISKING SHLKS-1966 CON IIE''HID NAL SYSTEM 
A B c 0 E F MEA N 
Dl'tHTE TI~E 1-i~SI o.l98 o. 221 o.~o~> o. 315 0.40 7 0.~97 
DOW~ TIME IH~SI 0.007 o.ooo o.ooo o.oo o o. 000 :>. J)) 
:OR REC TI ON FACTOR 1. 000 1.4)) 1.000 1. 000 1.000 1. oa o 
TOTAL CORRE:TEO TI"E (H~SI 0.405 o. 309 D. 406 0.315 o . ~a7 J. 3'l 7 
T ~ 'l TIME I HU I a. 0 14 o.a1o o.o1~ o.o 11 o. 0 13 o. a 1~ 
FILL TIME I~ ~ Sl o. 0 00 o.ooo O.JOO a. 000 o. aoa o . ooa 
TOTAL TIME (1/4 MILE R04SI o. 420 o. 319 a.4 za o. 32 6 a.42 0 o . 413 
C OPERATION T!'1E 94o'l 9!>. ~ 96.6 96.7 96.9 96.2 96. 4 
1: DO~N T I 'IE 1.7 o. 0 J.O o.a o. a J.) 0.3 
l TURN TI'~E 3.4 3.1 3.4 3.3 3.1 3. a 3. 4 
1: FILL TIME a .o o. 0 o.o o.o o. a o. :> o. a 
FUEL !TOTAL FJ~ PLJT-GALI 2. 472 1o 303 2.345 1. 75 3 2.3 74 2. 443 
ACTJAL PLOT ACRES 3. 4 71 1.928 3.4 71 2.7ao 3. 4 71 3. 4 71 
FUE. USED I GAL/A I o. 712 0.676 0 0 !)H :J .64~ 0.684 J. 7) 5 o. 684 
FU::L COST II/AI o. 12 5 o. 11~ Oo11 a o. 114 o. 1 2a a. 1 2 3 o. 12 0 
COHECTED PLOT ACRES l. 471 2.700 3.471 2. 7ao l. 4 7 1 3.471 
TI'IE (H R S/ 41 o. 1 21 o. 118 0.121 0. 12 1 a.121 a. 119 o. 120 
LABlR COST (HAl 0.242 o. 236 0.242 0.241 o. 242 o. 2 3 8 0.240 
EFFEC FIELD :APACITY IA/-iRI a. 21 8.47 a.2!) a. 29 a. 26 a. 41 a. 33 
f-' 
1:\.? 
PLJT IDENTIFICATION- JOB = PL OWING-19!)6 CON\IENTIONAL SYST EM *" A 8 : 0 E F ~ EA>j 
OPEUTE TIME (HRSI 1. 157 o. 650 1.173 o. 920 1. 129 1. 106 
OOol~ T I"' E I H~ S I o. 1a2 o.ooa a.aaa o.oo o a. o75 o. aDo 
CO~~ECTION FACTOR 1. aao 1. 400 1.000 1.00 0 1. JD O 1.ooo 
TOTAL CORRECTED TIME IHRSI 1. 258 o. 'll a 1.1 n o. 920 1.2 04 1. 1 0!) 
TlJ!N TIME 1-iHI o. oa7 o.osg o.oab 0.059 0.0 89 0. 0 1! 2 
F ILL T I ME I H~ S I o.ooo o.ooD o.:>oo o.ooa o.ooo o.ooJ 
TOTAL Tl ME ll/4 J'IILE RO..S I 1. 346 Oo'lba 1o259 :>.979 1. 2 93 1. 1 a 7 
1: OPERATION TIME a6.0 94.0 93.2 94.0 87.3 9 3.1 91.3 
l )J WN TIME 7.6 o.o o.o o.o 5.8 o.J 2. 2 
II' T JRN TIME 6.5 boO 6. ~ 6. 0 6.9 6.9 b. 5 
l FILL TIME 0 .D o. 0 :>. J o. 0 o.o :>.) o.o 
FUEL !TOTAL FOR PLJT-GALI 8o55D 4.78) 8.347 6.575 8.166 7.741 
ACT JAL PLOT ACRES 3.471 1.928 3. 471 2.700 3.'+71 3. 471 
FUE L USED IGALIAI 2.463 2. 479 2.405 2.435 2.353 z. 23) 2. 394 
FUEL COST IS/AI 0.411 o.~o :H 0.421 o.At26 o. '+12 o. 3 9 a 0. At1 9 
C~RECTED PUT ACRES 3. 471 2· 700 3.471 2.7JO 3.Hl l. 4 71 
TIM: IHRS/AI 0.388 o. 359 0.363 0.363 o. 373 Oo342 o. 364t 
· LAB)R CJST IHAI o. 775 0.717 0.725 0.725 o. 7'o5 J. 6a4 a. 729 
EFFEC Fl ELD CAPACIT'f IA/HRI 2.58 2. 79 z. 76 2.76 z. 68 2.92 2.75 
Figure 27 . Fuel use, job time, and assoc iated data for 19GG 
PLOT I DENT IF I CAT ION - JOB a ANHYORJUS _ .... O'liA li>PLICATION-1'166 CONI/E"'T I'JNAL S Y S TE" 
A 8 c 0 E F '4EA"' 
OP'EU TE TI•E IHR S I o. 31t9 o. 350 0.3 .... 0.343 o. 341 o.JloO 
0011'1. T I .. E I H~S I o.ooo o.ooo o.ooo o.ooo o. 000 o. 0 51 
COUECT!O'I FACTJII 1. 000 1.000 1.000 1.000 1.000 lo OO J 
TOTAL CORRECTED TI .. E IHRSI 0.349 o. 350 0.344 0.343 0.341 J. Hi 
TlJ!~ TIME l-1{$1 0.033 0.1132 0.033 0.035 0.033 o. 0 3< 
FILL TP4E I-1RSI 0.131 o.B1 0.131 0.131 0.131 3 .! 31 
TOTAL TI .. E 11/4 •ILE ROifSI o. 514 o.sH 0.508 o. 50'1 Oo50b o. s 5 ~ 
• OP=~iTION TI•E 68.0 68.2 67.7 67.3 &7.5 61.2 ~b.b 
I [)JoiN ri 'E 0 .J o.o :>.o o.o o.o 9. 1 1. 5 
• TJRN TI"E 6.5 bo 3 6.5 b.9 bob &. 0 &. 5 
IFILLTI"E 25.5 25.!> 25.8 25.8 2!>.0 z 3. & 2 5. 4 
Ft.£L (T OTAL FJ~ PLJT-GALI 2. 343 2.319 2.2 80 2. 302 2.2 70 2.3l't 
ACT HL PL CIT A:~ :; S 3.471 3.411 3.471 3.471 3.4 71 3. 4 71 
F UL LISE 0 I GA L1! I o. 675 0.668 0.657 Oo6!> 3 0.654 J. s > r J. 664 
FU:L COST IS / AI 0.118 o. 117 0.115 0.116 o. 114 o. 11 7 o. 11 !> 
co~~: r: rEo "'-J T \ : •::s 3o47l 3.471 3.471 3.471 3.4 71 3. 4 71 
Tl~= •. :; "':,/ .:. i 0.148 o. 148 Oo146 0.147 0.146 o.t 6fl o. 149 
LAB JK C:::; S T " I\ I 0.2'16 0.2'16 o.zcn 0.293 o. zq 1 o. 32J 0.2'1~ 
EFFEC Fl ao :a>iC !TY I A/HRI 6. 75 6. 76 6. 83 s .a 2 6. 86 &. 25 b. 71 
>-' 
1\:) 
·· PLOT IDEfHIFICATION- Jill a SP~ING TOOTH HARROoii"'G-1'166 CDNI/ENTI O'iAL S1STE" c.n 
A 8 c 0 E F ... EA'l 
OPEHTE Tl .. ~ HRSI 0.249 O.H9 0.246 0.205 0.248 o. 247 
DOW 'I T 1• E I HH I O. OOJ o.ooo o.ooo o.oJo o.ooo D. DO) 
:~RECTI ON FACTOR 1.000 l. 40J 1.000 1.000 1. ODD 1. 000 
TOTAL CJRRECTED TI"E IHRSI o. 24'1 o.zoq o.z ~8 J. 2J 5 o. 248 o. 24 7 
TURN TI .. E IH~SI 0.018 o.o12 o.o16 o. 013 o. J 1 ~ o. 015 
FL'- T I"E IH~ Sl o.ooo o.ooo o.:>oo o.ooo o. ODD o. 000 
TOTAL Tl ME I 1 1"4 IHLE H)IS I o. 2b1 o. 221 0.2 b4 0.218 o. 2 "7 0.262 
t J>ERlTION TI~E '13.3 'lito 3 '13.8 '14.0 '13. 1 94.3 '13.8 
t OJII'i T !ME o.o o.o o.o o.o o.o D.:> o.o 
~ TJ~N Tl~ 6.7 5.7 b.Z 6o 0 b. 'I 5.7 6.2 
IFILLTI'E o.o o.o J. O o.o o.o o.:> o.o 
FlEL I TOTAL :JR PLJT-GALI 1.73'1 1.05~ 1.724 1.388 1. 738 1.So5 
ACT JAL PLOT o\CRES 3.4n 1.928 3.471 2. 700 3.4 71 3. "7 1 
Fl£L USED IGAUAI o. 501 o.5~t'1 0.4'17 o. 514 0.501 0.451 o. 502 
FUEL COST IS/AI o. 088 o.o'l!> 0.087 o.oqo 0.0~8 0.07} o. 088 
CORRECTED PLOT ACRES 3.471 2.700 3.471 2. 700 3.411 3. 471 
TIME IHRSIAI o. 071 0.082 o.o 1b 0.081 0.077 o.o 76 0. 078 
LASJR COST l$/o\1 o. 154 0.1b4 0.152 o. 162 0.154 o. 151 J. 156 
EFFoC Fl ELO CAPACITY I A/HR I 13.00 12. Zl l3.l't 12.38 n.o 1 13.23 12.8 3 
Figure 27. (c ontinued ) 
PLOT IDENTIFICATION- JOB= PLANTI'IG--1966 CONVENTIONA_ S Y S TE ~ 
A 8 c I) E F ~ EA'I 
OPERATE Tl"'E I_.R S I 0.418 o . 234 0.442 0.3 0~ 0.40~ o. 394 
DO,j~ T I~ E I fHSt o. 000 o. 000 o.ooo 0.021 O.GOO J. 1)) 
CORRECT ( ON FACTJ~ loOO J 1. 4JJ 1.000 1o0J O 1.) 00 1. ODD 
TOTAL CJRREC TE D TI"E I H{S I o. 41~ o. 32ij 0.442 J.329 0,40~ o. 394 
TUR'I T I~ E I H~ S I o. 0 33 o. 023 0.041 G.oz~ O.OB o. 027 
F [L L TIME I HQ S I 0.219 o. ll>'l 0 .21'1 1),[69 o . 21'1 o . 2 1 9 
TOTAL TI~ E I l/4 MIL E R l)oj S I o. 66'1 o. 51 q o. 701 o . 5 27 Ooo60 o . ~ 3'l 
' OPERATIO'I TIME 62.5 63.1 63.0 sa." 61.9 bl.~ ~1.8 
'JJ~'I TIME O.J o.o J.) 4, 1 o. J o . J 0.7 
' TURN Tl>4~ 4,'1 4.3 ' · 8 5.'5 '5.0 4.1 4.9 'FILLTI"'E 32.7 32.5 31. 2 32.1 33 .1 34,2 32.1> 
FUEL CTJTAL FJ~ PLJT-:;AL I 1. 8 84 Oo9SS 2.191) 1. 461 2 .33 <j 1. 131 
ACT JAL PLOT ACRES 3,4 71 1o 928 3. 4 71 2.700 3. 411 3. 4 71 
FUE_ USED I GH/A I 0,543 o. 511 0.!>31 o . 541 0 . 1> 74 0,49 ~ J. 566 
FUEL :OS T Ill At o. 095 0.081 0.110 o. oc;> o . 113 ),087 o. 09'1 
COHE:TED PLOT ACRES 3,4 71 2.700 3.4 71 2. 700 3,471 3.471 
TIM: I~RS/Al 0.193 o. H2 Oo202 0.195 0 ,19 0 o . 18< o. 113 
L A~OR COST IS /A I o.~ae, o. 3'14 o. 404 0.390 0.38 0 J. 31> 3 o. 3 81> 
EFFEC Fl ELD CAPAC lfY IA/HRI 5. 18 s. 2J 4. 95 5.13 5 . 21> 5.43 5 . 1 'I 
~ 
PLOT I DE'HIF !CAT ION - JCB =FIRST I S·iOV Ell CULTIVATI~'I-1'161> CONVFNTIJ"AL Sf S TE" 1:\:) 
A B c D E " 'lEA 'I a:> 
DPE UTE TIME I .. R Sl 0.63'1 0.277 0 .515 o.ooo 0.+13 ).42• 
DCWN T !ME lrHSI 0.017 o.OJij 0,030 o . ooo 0 .0 09 o. 0 22 
CO{U:TION FACTOR lo 000 1. 400 l.JOO 1. 000 1. 000 l,OOJ 
TOTAL CJRRECTEO TI>4E I HRS I 0.1>56 0,399 0,544 o .GJ J 0.422 o. 4 5) 
TURN T PIE 1_.~ Sl o.o1~ 0.014 Oo02l o.ooo o .J ta o. '11 b 
F I_;.. T 1'4 E I H~ S I o. 000 o. 000 o.ooo o . oJ:J O. JOO J. JJ) 
TOTAL Tl ME Ill~ MILEPOIISI 0.&74 o. 414 0.5!>5 o.ooo o. 440 o. 46~ 
'J>E~ATION TIME 94.'l 93.7 9lo1 o. 0 93.9 91. q 93.1 
~ DJWN TIME . 2. 5 2. 8 5.2 o.o 2 .1 4, 7 3.5 
~ T JRN T I .. E 2.7 3.5 3,7 o.a 4. 1 :!.4 3.5 
' FILL TIME o.o a. o a.IJ o.o o.o o . J ::>.a 
FUEL I TOTAL FOR PLJT-GAU 1.4 74 o. 763 1.4~2 o. 000 1. b s 5 1.485 
ACT JAL PLOT AC ~ES 3. 4 71 1. 92 8 3.~ 1l 2. 7)0 3. ~ 71 3. 4 71 
FUE. uSED I GAL/AI o. 425 a. 3'1~ 0,4 27 O, OJO 0.4 77 o. 42 ~ o . 430 
FUEL COST I HAl o.o 70 0.065 o.:J7o o.ooo 0,079 o. J11 J.07l 
CO'I.'I.ECTEO PLJT ACRES 3. 4 71 2.70J 3.~11 2. 7JO 3.4 71 3. 4 71 
TIME IHRS/Al Oo194 o. 153 Ool1>3 o. 000 0,127 0.13< o. 154 
LABJR CJST ISlA I o. 388 0.3J6 Oo3 2b o.ooa o.z 54 Oo 2S6 Oo 30 B 
EFFE: FlED :APACITY I A/HR I SolS 6. 53 6.1 4 a.oo 7,8'1 7,45 Sol>3 
Figure 27. (continued) 
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PLOT IDPHIFICATIO N- Jffi = STRIP-TILL-PLA"<T ING -1 966 STRIP-TILL SYSTE~ 
A B : D E 0 ~EA'I 
JPE~ATE T I ~ E I~R Sl 0.4 50 0 ,433 0.61~ 0 . 607 o . ~22 0 . 614 
~c-~~ T 1" E I H~ S l o . 041 f) . u " j 0 ,0 9~ J. 1:)7 0 . 036 o . 02 7 
: c ~~ E :TI ON ° ACTJR 1. 4 DO 1.4J1 !. J OO 1.00 0 1,300 [, .')01 
TOTAL CJO~ ECT ED T I"E IH RS l 0,699 0. 7'14 o . 7 17 o . 714 o. 65 3 o. ~ 3 1 
T IJI.JI ~ T l'' E I~< S l o . 08 2 o. 1~ 2 0 . o 7~ 0 .1 0 5 O . J3~ 0 , C P': 
FILL T J-. E I HO~) o.2n o. 2l q 0 .21'1 0.219 o . 21q J . 2P 
T CT AL Tl .. ~ 11/4 MILE ~ 0 >1 5 I 0.9~'l !.IJ ) 5 1 , 011) 1. 03 8 0 . '1?2 o. 93 5 
t JPERAT 10"< Tl"E 63. 1 60.1 1,1. 2 58,5 6 4. 7 1,4, h 62.2 
'J)W'ITPH s.'l 'l, 8 9,7 10 . 3 3. 7 z. :; 1, 0 
t TJRN '!' T '-tE 8.3 ~. 2 7,4 10.1 6 . q 9 , ] 8 . 1 
!: ~ILL T . IC: I • 2 2. 1 21.a 21.~ ?1 .1 22. 7 2 3 •• 22 .t 
FUEL IT O T ~L FH PLJT-GAL I 3 . 2 54 2. 8 56 4.591 4,973 4, 6u o 4.67+ 
ACTJAL >L J T ~:~ES 2. 479 2,479 3,471 3. 4 71 3. 4 71 3. 4 71 
F i..E _ USEiliGAL/A ) 1. 3 1 ~ I. 1 52 1o32l 1.433 1.3 27 1.341 1,31~ 
FU~L CJSTI S/ll 0 . 2~ 0 o.zn 0 .211 0 ,251 o . 2 32 0 . 23A o. 2 3 ') 
COQ~ECTE O >LJT ACR ES 3. 4 71 3. 41l 3. 4 71 1. 471 3.4 71 3 . 411 
T I '~E I '<R 5/l l o . 2 95 0.2~9 0 .291 o.zqq o . 277 o . 2 69 o . 2 35 
L A 3 J~ CJST I S I A l o . 5 70 0 .579 0 .5 'l2 o. 5'l8 o . 5 54 c. 53::) o. 5 70 
~FC=E: F!EL1 CA >AC!TY (A/ HR) 3. 51 3.4~ 3, 44 1.35 3 . 61 3. 71 3. 5 1 
,..... 
PLOT !OE'HIFI CAT I ON- J03 = FIR ST ( oJTARYI CUL TIVATIJN- 1966 STO!P-T!L_ S Y 5 T E'l 1\:) 
~ : [1 E F 'l EA 'I 00 
IJD:O~~TE T!~E I -jRS I o . 58J ') .~'55 r:J ,793 o . o o o o . 841 o . d ~ 3 
o c.;~ Tl~E IHS! o. 000 :J. 12 2 0 .21 5 O,OJJ O.J OO C,l ~ ~ 
C~~~ECT!O~ •~:TOA 1. 400 1.4')0 1.JO:J l. coo 1. 0 00 1. J )) 
TCTAL CJR~~ C T Eel T I~E I HRS I o. a12 'l .'l 43 1.00~ :J,OJ O 0.841 o. 0 9? 
TU~'I T I~E I ~ R 5 I o. 048 ) . , ~ 7 o. )4'1 o.oo o 0 , 046 J . 14t> 
F r__ T I • E I H~ 5 I o . 000 f}.:JJ') o.ooo o.ooo o.ooo O. 'J J) 
T ~r 1 L T l "= ll/4 MILE ROWS! o.~sq 0.115 1. J 57 o. 000 0 ,686 1. 11 3 9 
~ J~E<AT I ON r !ME 'i4 ,5 78, 1 75. J o.o 94.8 3 J . 2 84.5 
~ )Jw'< Ti'1E o.o 11. 2 20.4 o. 0 J . o 1 5 . " 10. 6 
!TJQNTI"'E 5,5 4,.., 4. 1 o.o 5.2 4 . .. 4,'1 
~ 0 ILL TI'"E O.J o.o o.o o,o J,O o . o Q,') 
FUEL IT O T~L = 'JR PLJT- GAL I 2. 56! 2.559 3. 2 6J o.ooo 3.4~6 3. 40 6 
ACTuAL PLJT ACUS 2. 4 7'l 2. 47'1 3.411 3. 471 3.4 71 3. 4 71 
FUE L JSE O C~LI AI 1. 033 1. 0 3 2 0.93'1 o.ooo o. 990 o. '181 o. <195 
F UE. CJST I S I A I o. 170 0.170 0.155 :J,O)J 0,163 C, IS 2 0.164 
CCRI{ECTEO PLJT AC~ES 3. 411 3. 471 3,4 71 3. 4 71 3. 4 71 3.4 71 
T I'~E IH~S/AI o. 248 0.287 0,305 o.ooo o. 2 55 o. 29'1 0,279 
L ABJR CJST ( S/ A I o. 495 o. 513 0.609 O,OJO o. 511 o. 593 0,557 
EF FEC Fl ELO : APAC ITY I A/~0.1 4. 04 3,49 3, 2R o.oo 3. 9 2 3. 34 3,61 
Figure 27. (continued) 
PL OT I DE'H IFICATI JN- JO~ = ROTARY Tl l l -1'1~6 'OH~Y fl LL SYSTE~ 
A ~ - 0 E F ~ E A~ -
0 P E ~AT E T l "' E I -iRS I () , 5A'l 0 ,7 'l5 o. ~ 1) ~ . 81 ~ o . 7 1' ~ . 1'1~ 
) Cw'< T I"' E I -i ~ S I 0 , ()07 I) . o 1 7 rJ , 2H J . 0 1 ~ Q, IJO '> G. rJ~ 'J 
(U~IE: Tt l~ FA:T QA 1. 41)0 1 . 01') 1.) ')') I . r r·l l . J1 i" \, ))) 
T C)T AL CJP~EC T ED T I"E I YP.S I Q, R07 'l , ~)3 I , 05 1 ') , P. 32 o . ~ ) ') () , 79'> 
T <J~~ T !~E I -i ~ S I 0 . 'H7 '1 . 0 1~ a. 141 0 . G7 3 G, J23 l_; , fj /fl 
~LL T I"' E I H~ S I C, OO') ),00'1 ) , ')('') J . "0 0 I) . ) "J ' ~ J , ") :) J 
T CT ~ L II~:: I 1/4 "I LE""'l • S I o . ~ ~ 9 ) , p 4) l . o 'l2 0 . 8., 1 l) . 3 '~ n , ot c. 
'1: JPEHT EJN f I"E ~ 5 . o 'l4 , ~ 74 . 2 -~ . 'I 'J5. ~ 1 ~ . 5 '=~1 • ~ 
' ) J .I N T l ~ E 1.1 ') . ~ 22 , I 1 . ~ J . 1 0 . 0 4 , 4 
~ T J ~ N T r 'IE 3 , '> 4 , 5 3,R ~ . 3 3. 4 3 . ~ 3 . 7 
l' = r LL T I 'IE o . o . o ') , ') ' ' / , ) U, J 1 , 1 -. ' 
FUEL IT OHL =rJR PL IT -GA L I 4,01)6 ~. 411 5 . 2 ll 5 , 5'1'1 s • ., 3" s. b~ ") 
ACT JAL > L J T ~ :us 2. 4n 1 ,4 71 3 . ~ 71 1 . 471 "' · 4 71 3 . 4 71 
FUE L USE D (I; ALl A I 1. 64 0 1. 5 ~ q 1 . ~ 0 7 I. •1 3 [ , 6 2 ~ 1. 63 :) ! • 59'5 
F 'JE. ":JST I 'Ill J . 2 97 o . zn f') , Z'l4 ) • 2 32 c. 2 ·- :.J . 2~ Zj () , 2 71 
CCR"EC TED >.JT A CO~S 3. 4 7 1 3. 471 :_\ • • 71 -,. 41 I 3 . 4 71 ; • 4 71 
T I~ E PHS/~ I 0 . 242 0 . 242 0 . 3 15 1 , 24 3 o . 23<3 c. :? 3 ° J. '? s !.t 
L ~ ~H CJ S T I l it I a . 484 tJ ,4 84 o. s'• ') . 4~,... o. "" 77 c . ~ 1 ~ J , <;:i, 
E FF E: F ! ELJ :PACI TY I A/H~ I 4,!4 4,13 3. l ~ ~ . a3 c. . l Q ~ . 21 3 . 0 a 
f-' 
PL OT !DfNTI~!CAT! ON- J 03 = PLA NT I 'IC,-1 9~6 0 ~ T A> Y TILL SYSI'o'l 1\:, 
A ~ c ) E c "E A 'j ~ 
')P"~ AT E T!'I E I H ~ S I a. J aR :J . 2 ~~ 0 ." 0 1 1. 37 ~ o . 3 17 a . 43 2 
JJ.I N TI'<E I-<~ S I a . a2'5 o . oo:> Q .I 14 0 . 022 a . 11 2 o . OP:J 
S ~~>ECT! ON ·~:T OR J, Jaa j ,4 0 a !. )')') 1. :))) l , Ja O 1 , '1 J) 
f ': T1_ :JP~ECTE D T I ~E I H> S I a . 413 o . 4:J 1 a .5 15 J , 4) I :J . ,. 3 '.J 0 . 52~ 
T \J; < T I " E l i"~S I a . a32 0 , 034 o . :J 3~ a . o32 c. J2 7 :J . :0 ?-3 
0 !__ Tl•E I~ IS I a . 21q 0 . 2 P o . 21 9 :l , 2P ') , 2 l q a . 2 1, 
T J T A L T I ~E I I /'+ fo<!L E PO II S I 0 .6 64 () , 1>5 3 a . 7 69 0 . 651 o . 734 J . 713 
: J>EHT ! rJN r I~E 58,5 1>1,4 52. 7. 58. 2 51 . 1 '55 . 'l 56. ? 
t ) OW 'I T I ME 3,7 :J.:J 14. ~ 3, 4 15 . 1 11. 5 P • I 
lTJ~~TI'IE 4.~ 5.2 4,S 4o'l 3 , 6 4 , 3 4. 6 
' c [LL T I "'E 32.'1 33. 5 ?8.4 33 , 1> ?'I . 8 2 P o 3 31. I 
FUEL IT OT A L : 'JR PLJT -GAL I 1. 521 1. 1 75 1. 5 23 1 .4 05 1.'1 a6 !. ~, 7 
ACT UA L PLOT ACRES 3. "71 z . 479 3.471 3 ,4 7 1 3. 4 71 3 . 471 
FUEL JSEJ I :;ALIA) a .43 8 o. t. 7+ a ,4 1o) Q, 4Q'5 0 . 541 a . 541 o. 475 
F UE. CJS T ISlA I a. J77 a. o~3 a. o 11 J , ') 7 I a . J 'l6 ) , ),., J . a e 3 
:ORI<ECT::D PLJT AC'I ES 3.4 71 3. 4 7 l 3 .4 71 3 ,471 3." 71 3 . ,. 71 
T!~E I HRS /A I a . 191 a. 1, 8 0.222 a .1 39 o . 212 J . 22' (), 204 
LA3 0R COST Ill A I 0.382 a. 376 0.44 3 :J . 375 o . 42 3 a . 44~ a . 403 
E FFEC FI ELD : APACITY I A/-i, I 5.23 5.31 4, 51 5 . 33 ~. 73 4. 49 ". Q3 
Figure 27 . (continued) 
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FILL TIME I~~ Sl 0.196 0.196 Oo196 0.147 0.142 0.142 0.122 o.t ~ 9 
TOTA L T I ~E I 1/4 MIL E ROWS I 0.69'1 0.81'1 0.832 o. 578 0.697 o . 745 o. 51~ :>. !> 11 
I 3PE~ATI'JN T !ME 66.6 57.7 6 2.2 70,8 1>5.5 ~2.4 72,8 72.2 1>6. 3 
t J O-IN T I 'IE 0 .o 13.5 9.8 o.o 10.2 15.3 :J.J :>.o 6.1 
l TURN TIME 5.3 4. ~ 4.5 3. 8 3,8 3.2 3. 7 3.4 4. 1 
~ FILL T I "'E 28 .1 24.0 23.~ 25.4 2 0.4 u.t 23. 5 24.4 23.6 
FUEL trDTAL FJ'l. PL:JT-GA L I 3.340 3. 110 3.410 1. 490 3.:Jt.J 3.no 1.2to) 2. 44J 
ACTJAL PLOT ACRES 3.470 3.470 3.4 70 1o240 ~.480 2.480 1. J 30 2. 070 
FUEL JSED I GH/A I 0.96 3 0.896 0.983 1. 202 1.234 1.218 1. 2)4 1. 179 1.110 
FU::L COST I 5I &I 0.159 o. 148 Oo162 1). 198 0.204 ). 2J l 0.199 o.1~4 0.183 
CD~HCTED PLOT ACRES 3olt70 3.470 3.470 2.6)4 2.520 2.520 z. 160 2. 610 
Tl~E (H~S/AI o. 201 a. 236 0.240 o. 222 0.277 ) • 29 6 o. 240 J.234 0.2 ... 3 
LA"'JR COST I l/A I :>. 403 0.'-72 0.480 :J.444 0.553 J. 59 1 o. 480 0.46 8 0 .... 86 
EFFEC F!B..O :&PAC!TY (4/-IRI .... 97 4.21t 4.17 !t . 51 3. 61 3. 3 8 4. 17 4.27 ... 17 
Figure 28. (continued) 
PLOT IDENTIFICATION- J OB 2 FIRST ! ROTARY l C lA. T I VAT I D N-1 ~ I> 7 S T R I P-T I L l SY S T E~ 
A 9 c 0 E F G 'i MEAN 
O PE~A TE TI~E IH~S l o. 5!> 1 0.539 0.519 o . 1 ~ 5 o . 30') ') . 305 o. 13 0 o . 27 1 
OO~'j TIME I -i RS I o.ooo o . 09~ o . 000 o.oo o o . oB O.OJO J . )) 0 0 . 05 4 
co~~ECTtO'j F~:roR 1.000 1.000 1.000 2. 1) () 1. 0 ~0 1. 05 0 2.10~ 1. 2&0 
TOTH :oRRE:TED TI~E IH~Sl Oo51>1 0.1>3 7 o .5 n o . 304 o . 3 55 0. 321 0 . 2 72 0,40~ 
T U~ ~ T I ME I HR S l 0,025 0 . 028 0 .0 27 o. 019 0 . 0 1 1> J . 0 11> o . 0 14 J.J2 0 
FILL TI"! E ( ~~ s l o.ooo o . ooo 0 ,) OJ o. 000 o ,ooo J, O)'l o . ooo o . )00 
TOHL TIME (1/4 MIL E RO ~j$) 0 . 581> 0,665 0 . 54~ o . 32 3 o. 3 7l J. 3 37 o. za r ) • 42 9 
l OPERAT(O'j TIME 95.7 81.1 9 s.o 94,2 8 5. 0 95 .3 95 . 0 7 9 . 5 90 .1 
llOIINTI~o o.o 14.7 O.J o.o 1 o. 7 o.o o .o 1 5, 1 5. 1 
' T JRN T I "!E 4.3 4,2 s.o 5, 8 4, 3 4.7 s. o 4, 7 4.7 
' ;: ILL TI~E o.o o.o o.J o.o o . o J.J o . o o. 0 o.o 
FUEL IT OTAL F OR PLJT-G Al l 2,250 2 .33 0 2, 01 0 o . 750 1. 72 0 1.980 o . soJ 1. 15 0 
ACTUAL PLOT A C~E S 3.47 0 3. 470 3.4 70 1.240 2 .480 2.480 1. 030 2 . ')7 0 
FUEL JSEO !GAL/AI J .1>48 0 .1>71 0.5 79 0 ,1>) 5 0.694 0.758 o. 8 3 5 o . 55 0 0 . 61>3 
FUE c COST I 5I A l o. lJ7 o. 111 o.o% 0.1 00 o. 114 ) ,12 5 0 .13 8 '), 0~ 2 () .1 lJ 
CC~HCTED PLOT ACRES 3,470 3,470 3. 470 2. 604 2.520 2 .52 0 2. 160 2 . '>1 0 
TIH (H~S/Al o. 11>9 0.192 0.1 57 o. 12 ~ 0.147 ),134 o . l3 3 o . 11>4 0 .15 2 
LABOR COS T (5/Al 0.33 8 o . 38 3 0,315 o. 248 0.294 J. 2& 1 o . 2 65 o. 32 g 0 . 305 
EFFEC FIELD :APACITY IA/-iRI 5. ~ 2 5 . 22 1>. 3o ~ .JI> l> .~o 7,49 7. 53 6 . 08 6.1>a 
1-' 
PLJT I DENT IF !CATI O'' - JOB = S ECO~O ( 5HJVEL l CUL Tl VATIJ'I-1'1!>7 SniP-TI LL SYSTE'I 
w 
CJl 
A ~ c D E F G H MUN 
OP:RATE TI"'E IHRSI o . 5 0 2 o . 49 3 o . 3 63 o. ooo o . oiJo ),J)O o.ooo ') , 000 
QO,j~ TIME I H~SI ) • 1) 4 0 . 2 09 Q, JOO (),0)) 0 , )00 o . ooo o . ooo O. JOO 
COR~ECTIO" FACTJR 1. oao 1. 001) 1.000 2 . lJO 1. 05) 1. J 50 2 .1 00 1. 2~ a 
TC; aL COR~ECTEJ TI ME IHRS I o. 60 7 0 .702 o . 36' o . ooo o . ooo o . 000 o .J o~ o . e~oo 
T ~ ~ T I 'IE ( H~ S I 0. 022 o . 024 o . o2d 0. OJO O,JOJ o.ooa o. 000 a . ooo 
FILL TIM E I -iRS I o.ooo o . ooa O, JOJ ') ,0)0 o . ooo ) , 0)0 o .o oo (),000 
TOHL TIM E I 1/4 MILE ROoj$1 o. 629 0 . 72 6 0 .3 91 a . OJO o . ooo o.ooo o . ooo J , OJ O 
' !JPERHIJN TillE 79.8 67.9 ~ 2 .~ o .o O,Q ),) o.o o.o 90 . 2 
Z ))WN Tl~ 11>. 6 2 B. 7 O.J ) , 0 a .o o . o o . o J , ) 1 5,1 
Z TURN TIME 3,6 ),4 7.1 o. 0 o.o o .o a. o o. •) 4. 7 
Z FILL T!~E o.o o.o o.J o. 0 a.o o.o ),) J . O o.o 
FUE l (TOTAL FO~ PLOT-GALl 1.580 1,5)0 1.81>0 o. 000 O.J OO o.ooo o . ooo J , JJO 
ACTJAL PL OT AC RE S 3.471 3.471 3. 4 71 1.240 2.480 2 . 4BO 1.) 31 2. 07 0 
FUE L USE D I GA L1 A I 0,455 0.441 0 ,536 o. 0~0 o .o oo o.ooo Q,J OO ) , )):J 0 ,477 
FU':L COST 15/AI o. 075 0 . 073 0 ,) 88 , JOO o.ooo ),000 0 ,) 00 a . ooo 0 . 079 
CO~~ECTED PLOT ACRES 3.47 1 3.4 71 3.4 71 2. 60() 2.520 2.520 2. 10 ) z. '>1 0 
Tt~ : lrlRS/ AI 0.181 o. 209 o.1n o. 000 o.ooo J .JO 0 0,0 00 0 , OJO 0.11>8 
LABOR COST 1i /AI 0. 362 0.418 o. 2 25 o. 000 o.ooo o .ooo o.oo o o.ooo 0.335 
EFFEC Fl aD :APACITY IA/ HRI 5.52 4. 7 8 a. 8B o.oo o.oJ o.oo o.oo J.JO 6.39 
Figure 28 . (continued) 
PLOT IDENTIFICATION - J O~ = ANHYDRJUS A~MONIA APPLICATI 0~- 1 91> 7 O OT A ~Y TILL SYS T E~ 
A B c D E F G 'i ME~N 
0 PE R AT E T I ~ E I HR S I o . 373 o. 351 0.3 71 o. 1 3 1 (),275 J. 254 0 , 097 '1 . 2~9 
DO~~ TI"'E I 1-iR S I 0.089 o. 01 3 o.ooo O,O:J O 0 , 074 O, OB6 o.ooo 'J . ')7 7 
CO~~ECTIJN FA CTOR 1.000 1. 000 1.ooo z. lJO 1. J 51 1. 05 0 2 . 1 0" 1. z~ o 
TOTAL CORRECTED TI'1E I H~S I 0 .462 0 , 364 0.371 o . 274 f) , 31> 7 ), 35 ? o . 2 0 4 0 . 3~ 1 
TU~ ~ T IME I H~ S I ).019 0 , 02 9 0 . 0 1 8 0 . 035 o . o2A ') , 035 0 , 0 1~ 1 ,1 3 2 
FILL TIME I ~ R 51 o .1 o o 0 .1 b ') 0 .16) o . 12 2 o . 1 1 ~ ) • 11 9 0 .1 01 0 . 12 3 
TOTAL TIME ( 1/4 MILo RD OjSJ ) • 641 0 , 553 0 .5 49 o . 4 32 0 . 5 1 2 o. 51 0 1 . 3 2<. ) • 51 5 
~ O PE RATI'l~ TIME 58 ,2 !>3,!> 67,6 63,5 56.4 52.3 63 . 0 51 . 2 59. 5 
~ JJiiN T 1'4E 13.9 2 .3 o. o o. 0 15.1 1 7. !> J,) 18.~ a . 5 
l TURN TI'4E 3.0 5,2 3,4 8, 2 s . 4 6.9 s.~ 0. 2 5, 5 
~ F ILL T I"'" 24.9 28 .9 29 .1 2 ~. 3 23 .t 23,2 31, 3 2 3. 9 26.1> 
FUEL I TOTAL F OR PL OT-:; ALI 1,870 1.680 1.880 o. 61 0 1. 2 70 1 .1 0 0 o .o 2J 1. 130 
ACT JAL PLOT AC~ES 3.470 3.470 3. 4 70 1. 2 4 0 z. 490 2 , 48') 1 . 13'1 2 . ')7 0 
F UE L JSEQ I GH/A I o. 539 0 , 484 0.542 o . 49 2 1 .51 2 o . c.~4 o .s 12 ) • 54 6 0 . 520 
F u:: L COST I l! AI 0.089 0 . 080 o .o 89 o. 081 O,:HI4 ) • J 7 3 o . 099 ~ . :no 0 . 0% 
COHE:TE D PLJT ACRES 3,470 3,470 3.4 7J 2. 604 2.52 0 2.52 0 2. 16') 2 . 61 0 
T 1'4E I HR S/ A I ~- 18 5 o . 159 o.1 sa o. 1o s J. 2J 3 ) • 2J2 0 .1 5) J. n 1 0.178 
LA~OR ::OST "I AI 0,31>9 0 . 3 1 9 o. 31 6 0.332 () ,4 07 ) , 4J5 o . 3Nl 0 , 195 0 ,3 55 
EFFEC FIELD :APHITY (A/-i RI 5. 41 6. 2 8 b, 32 6,03 4,92 4,'14 ~.!>o 5. 0 7 5 .70 
I-' 
PLJT ID ENTIF I CATI ON- J O~ = ROTARY SWEEP-r ILL-1967 RJ TAR Y Tl l L S Y STE~ w O'J 
A B c D E F :; '1 ~EAI\j 
OPO:RATE TI~E l-i RS J 0 .61>9 0 .65 9 0.&7:) 0.36 2 0.6 13 J. 57 3 J,25b 0,4 72 
DO~~ T 1'4 E I H ~ S I o.ooo o . 011 o.OOD O, DOD 0 ,) ()) o . ooo ),)Q) ) • i)Q 0 
CORRECTI D~ FACTJR 1.0:>0 1. 0) 0 1.ooo 2.100 1. 050 1.) 5 0 2 .1 00 1. 2s o 
TOTAL CJR REC TED Tl~ E I 1-i~ S I ),669 Q,b7 0 O,b 10 Q, 7o 0 o .o4 4 0 . 501 o . 5 38 o. 595 
TUR ~ T I~ E I H~ S I 0.034 o. 02~ 0.028 o . 02 4 ~.) 25 ) • 02 4 a . 018 ~ . 02 4 
FILL TIM E I 'iRS I o.ooo o .ooo o.ooo 0,000 o .o oo ),0)0 () ,) 00 O. OO'l 
TOTA L TIME I 1/4 "'ILE ROoiS I o. 70 2 o. 699 0.698 0.794 Oob10 J. 62 5 o . 55 7 0 ,61 ~ 
~ OP E R ATI O~ TI"'E 95,2 94,4 96 .o '11>,9 91>,1 ~ b . 1 9b. 7 91> . 2 9f>. o 
~ OJW~ TIME ),) 1.6 o.o o. 0 :>. o o. 0 o . o o.o 0 , 2 
~ TURN T I ~E 4, 8 4.1 i.,J 3. 1 3.~ 3. 9 3.3 3.~ 3. ~ 
:t FILL TIME :>.o o .o o.o :>. 0 o.o o.o Q,J ) , ) o.o 
FI..EL lTQTAL FJ~ PL OT -:;ALI 4,600 4,890 4.560 2.530 4 . b 5) 4o190 1. 850 3 . 37 0 
ACT J AL PLOT ACRES 3,470 3.470 3.47:> 1. 240 2.480 2,480 1.J 3) 2 , 07 0 
FI..Ec USED I G~ Ll A I 1. 326 1.409 1 .314 2.040 1. 8 75 1.69 0 1.796 1. 1>2 8 1.635 
FU EL ::oST I"AI 0.21 9 0.233 o. 217 o. 33 7 o . 309 o. 27 9 0, 296 o . 2s 9 o. 270 
CO~~ECT ED PL OT ACRES 3.470 3.470 3,47() 2. 6) 4 2.520 2.520 2. 15J 2. 610 
T 1M : 1-i R S/ AI 0.202 o. 2:11 o. 201 o. 301 0.2bb :) ,24 8 0,258 0 . 237 o. 239 
L ABJR CJST IS/A I ), 4) 5 0.403 0.402 Q, bD 2 ), 532 Q,49b 0,515 o. 47 4 0,4 79 
EFFE: F I EL) : APACITY I A/H R I 4.94 4,97 4,97 3.32 3.76 4. J 3 3.88 4. 22 4. 26 
Figure 28. (continued) 
PLJT IDE~TIFICATION - JOB = PLANTI~G-1967 ~OTARY fl Ll SYS fEll 
A B . D E F :; 'i ~EAN -
OPEH TE fi"E 1-iRSI 0.344 o. 338 Oo341 o. 12 4 o. 250 0.25 7 0.105 0.2~4 
DOW~ TI~E IHRSI 0 .136 0.035 0.009 O. OJD a.ooo o . ooo o .::>oo :J.069 
C ORR E: T I ON I' A C f'l R 1.000 1.000 lo) OJ 2. 100 1. 050 1 . 05') 2.100 1. 2~ 0 
TOTAL CORRE:TD TI'"E IH~SI 0.480 0.313 a. 3 5o o. 260 a.2 62 ') .21 0 J . 2 2J '). 3<.4 
TUR~ T I~ E IHHI J.028 J. 0 32 o . o 27 o. 02 0 ::> , 02 1 ),)23 0 . 0 15 '). 02 2 
FILL TII'E 1-I R Sl J o1 'l 6 0.196 1Jo196 a . 141 0 .14 2 J .l~ 2 o . 1 22 '). 14 'I 
TOTAL TIME Ill<. ~ILE ~ 0~ S I o.7D4 o. 60 2 a,5n o . 42 7 1 . " 2 5 ).435 0 ,357 ) • 51 5 
I OPERATI'JN TI>~E 48o9 56.2 5'1.4 61.0 61,7 ~ Z .J 61. 1 ~ 1. 'l 57·" 
t DJII~ T !ME 1<}. 4 5.8 lol> o.o J ,) () ,) :J,) lb •• 5.5 
' fURN T I "lE 3.9 5. 3 4o8 4 , 6 4.8 5. 3 4o 2 4. ~ 4o'> t FILL T I ~E 27.9 32.6 34.2 34.4 31.5 H. 7 34. 2 2 ~.' 32.3 
FUEL ITO TAL FJ~ PLJT -GAL I 1o430 lo 270 1.2 70 o. 490 1 •• 4:) J. 9 60 0,410 o. ~•a 
ACT JA L PLOT ~:~ES 3,470 3.470 3 . 4 70 lo24) 2.4~0 2 .4- 80 1. J 3:) 2. J7 0 
F uE. USED I GAL/A I 0,412 0.366 0,3 66 (), 39 5 1. 3P ),387 o . 398 '),4 0 6 O,B'I 
FUEL CO ST a/AI o. o6 a a,C60 a.J6o o.a6S ),J63 J . J '> 4 o . Oo6 a. o~ 1 ) • )'> ~ 
COHECTED PLJT A C ~E S 3. 470 3.470 3 o4 7:J 2. 6)4 2.52 0 2 . 52 •) 2. 1'> J 2 . '>1 0 
Tl~E IHR S/i I a,203 a. 11 3 0 . 165 0 .1~4 J.1'>'1 J.1 n 0 .165 ) • 1 '1 7 o . 176 
L Ail)R COST I' /A I J .406 0.34 7 0.33 0 o. 328 J.33~ Cl ,345 ') . 3 ~) ),)'15 0.352 
EFFEC FIEL~ :APAC!TY I A/ H~ I 4.93 5.77 6. OS , .1 0 5. '13 5. ~0 ~. 05 5.06 5.71 
...... 
::..., 
?LOT IDENTIFICATI ON- JOB = FIRST I SHOVEl I CIJLT IVU lu~-1'1o7 ROfAqy Tl ~~ S 'f S T E~ -::) 
A !I c I) - • G -1 "E A'l 
JPEUTE TI~E I H~ S I :>. 518 a. 55 a o.s 06 0.274 ') ,5 29 ~ . 42 5 0 .187 o . 299 
·1 : • 'I Tl"lE 1-i~ S I 0.078 0.23 2 0 .:> 32 a. 111 a . :>83 ) • 15 0 o . 0 11 o . J2 1 
C O <~ECTION F~CTOR 1oOJO 1.ooa 1.oao 2. lJO 1.) 5::> 1. 05 ') 2. 100 1.2~ J 
TOHL :JRRECT ED T I'1E I H~S I o.s'lo o. 18 3 0.539 o. 809 a .543 ) • 010 0 . 4 15 J. :.o 4 
ru~ 'I r I"~ E I H~ S I J.022 a. o23 o.a23 o. 020 1.020 'l . 01 8 0 . J 1 ~ ) • )1 7 
F I_- Tl~E IH~SI o.ooo o.ooo o.ooo a . ooo J.J JJ o .oa o a . ooo 0.100 
TOTAL T I ~>~E I 1/ lo ~IL E RO~SI 0.618 0.806 o.s 62 0.82'1 () ,61'13 J . 52 8 ),434 '),421 
'PE~ATI ON TI"'E 8 3. 8 68.3 '10.2 !>9. 5 B 3. ~ 11 .1 90,7 3'1.!1 80.'1 
t: )O~N TIME 12.6 28.8 5 .7 2 ~. 1 1 3. 2 2~. 0 5.1 5. 3 15. 1 
t TJ~N f!I'E 3. 6 2o'l 4.1 2. 4 3. 0 z.q 4.2 4.1 3.4 
' C( LL Tl"'E o.o o.o a .J J. 0 o . o ) • J o .o '),') 1).) 
FUEL IT OTAL FOR PLOT-GAL I 1.89a 1.65a loSOO 'J. 680 1.26 0 1.J4 'l 0 .48 ) J. 93 ') 
ACTUAL PLOT AC~ ES 3.470 3.470 3.4 70 1.24 0 2. 48 0 2.480 1. 0 3 0 2.07 ') 
FUEL JS~D I :;AL /AI 0.545 0.476 Oolo61 ~. 548 0.508 0 .41'1 0.466 o.<. o1 0.4 78 
FUE • CJS r I" A I 0.090 0.078 a.a76 o. 090 J .J84 0 .059 o. :> 11 J.Joo 0,01'1 
CORRECT~O PLJT ACRES 3.470 3olt70 3.47:> 2. o04 2.520 2 .s 20 2.160 2. 1.1 o 
TI"'E (H~S/AI 0.178 a.232 0.162 o. 318 0.263 o.zr.9 :>. 2:> 1 J. 161 0.221 
LABOR COST IS/ A I o. 356 o .... 65 0.324 o. 637 a. 525 ) .499 a. 4a1 o. 3 2 3 o. 441 
EFFEC F I EL) : APAC I T'f I A/HR I 5.61 4,30 6. 19 3.14 3.80 4. 01 4. 99 6.2 0 4.78 
Figure 28. (continued) 
PLO T IDE~TIFICATI O N- JO'I =SECOND CSf1JVEl l CULTIVHION-1967 ROTARY TI Ll 51' STEM 
A B ~ 0 E F G 'i MEAN 
OPE~ArE TI~E ( HRS I ) • '-'I 3 0.341 o.n~ o . ooo o.ooo o.ooo o. JJ J o. 000 
0 0~ ~ T I '1 E I H~ S I O. OH o . 117 0.036 o. 000 o. JaJ J.JJa c.ooo O.OJO 
CO~~ECTION F~:TOR 1. 0 3 0 1. 000 l.:JOO 2. lJO 1.050 1. 050 2. 10 0 t. 2~ 0 
TOTAL CJR~ECrED T I~E I H~S I 0 . 5 70 0.458 o. 3 61 a. ooo O.JO:l o.ooo o.ooo a. aoa 
T~N TIME (rl~SI () . 0 21 o . 023 • • J 25 o.ooo o.ooo J.O:JO o. 000 :J.OJO 
FL c TI'1E IHUI J.JJ O o .ooo o .ooo o. 000 o.ooo o.ooo o.ooo J.1JO 
TOTU Tl ME ( l f 4 M I L E ~ 0~ 5 I 0.59 1 C· . 4-8 2 a.386 o. 000 o. 000 l.:J)I) o.ooo o . ooo 
" J>ERAT ION f !ME 31.8 70 .8 84.1 o. 0 a.o o . a o . :J ) • J 7q.'1 
1: )0111~ TIME 14. 7 24.3 9.4 o. 0 J.J o.o o. 0 0 . 0 ll>o 2 
"fJR~TI"1E 3.5 4.9 6.5 o. 0 o.o o. 0 J.J o . o 5 . 0 
"=iLL TIME :> . o J .J o.o o. 0 o. 0 o.o o. :l :J.J o . o 
FUEL I TOTAL 'OR PLJT-GAL I 1. g2 o 1.570 1o38J o.ooo o. 000 o.:>:>o o.ooo a. ooo f-1 
ACTJALPLOT ~CRES 3.471 3.471 3.4 71 1. 240 2.480 2.480 l.J3:J 2. 070 w 
F U': L USE 0 I :; A l/ A I 0.524 0 . 452 0.398 o. 000 o.ooo J.:J:JO o.ooo :>. 000 o. 458 00 
FUEL COST (HAl J .03 7 0.075 0.066 O. OJO o.ooo o. oao o.JJJ J .ooo 0.076 
CORRECTED PLJT ACRES 3 .471 3.471 3.411 2. 600 2.520 2. 520 2.1b0 2. 610 
TIME IHRS/AI ) .1 70 0.139 o.111 a.ooo o.ooo J.OJa :>. 300 o . 000 0.140 
LA'l:JR COST (HAl a . 340 a. 278 0.223 o. 000 O.J :JJ ) . :JOO o.ooo J.JJO 0.280 
EFF::: Fl ELO CAPACITY I Af HR I 5.88 7 . 21 s. 99 o.oo o.oo o.oo ). 00 o.oo 7.3~ 
Figure :2 8 . (continued) 
139 
APPENDIX B. OPERATION TIME PROGRAM OUTPUT 
DAYS OF OPERATION REQUIRED BY ACRES AND JOB FOR CONVENT! ONAL SYSTEM 
DISK PLOW NI TRG HARROw TOTAL PLANT CULT I CULT 2 PLOW TRA:: TOR ACRES 
o. 22 1. 03 1. n 0.79 3. 77 1.85 1.64 0.2 13 5. 61 13. 15 100 
o. 2 7 1.23 2.08 0.95 4. 53 2. 22 l .97 O.B 6.74 15.78 120 
(). 3l 1.44 2.43 1. l 1 s. 28 2. 59 2.30 0.39 7.8 6 113.41 1 ... ) 
o. 36 1. 64 2. 77 1.26 6.03 2.96 2.62 0.45 8. 98 21. 04 160 
0.40 1 .8 5 3. 12 1. 4 2 6. 79 3.33 2.95 : • :) 1 10.1 0 23 .67 LAQ 
0.44 2.05 3.4 7 1.58 7.54 3.70 3.28 o. 56 ll.ZJ 2 b. 3 0 20J 
0.49 2. 26 3. 81 1. 74 8.30 4.07 3.6 l 0.61 12.35 28.93 2?0 
0.53 2.46 4. 16 1.90 9.05 4.44 3.93 0.67 13 .4 7 3l .51> 24J 
o. 58 2.67 4. 51 2.06 9.80 4.81 4. 26 o. 7 2 14.59 34. 19 26J 
0.62 2. 8 7 4. 85 2.21 1 o. 56 5.18 4.59 0.78 15.72 36.82 280 
0.67 3.08 5.20 2.37 11. 3 1 5. 55 4. 92 0.83 U>. 84 39.45 ~00 
o. 71 3. 2 8 5.55 2 .53 12 .ar 5.91 5.25 0.89 17.96 42. 08 120 
0.76 3.49 5. 89 2. b9 12. 82 1>.28 5 .57 0.95 19 .OA 44. 7l 340 
0.80 3.69 6.24 2.85 13.58 6.65 5.90 1.00 20.21 47.34 36 ~ 
CJ. 84 3.90 o. 59 3. 00 14.33 7.02 0 .?3 !. 06 21. 33 49.9 7 380 
0.89 4.10 6.93 3. 16 15. 08 7.39 6.56 1 • 11 22 .45 52.60 40J 
0.93 4.31 7.28 3.32 15 .a 4 7.76 6.89 !. 1 7 23. 57 55.23 42J 
0.98 4.51 7. 6 3 3.48 16.59 8.13 7.21 I .22 24.70 57.86 440 
1 .o 2 4. 72 7.97 3.~4 17.35 8. 50 7.54 1. 28 25.82 60.49 46) 
1. 0 7 4. 92 3.32 3. 79 18. 10 A.87 7.87 1. 34 26.94 63. 12 480 
1. 11 5.13 8. 6 7 3. 95 18. 8b 9.24 8 .20 1 • 39 28.06 b5. 75 500 
1.16 5.33 9 .o l 4.11 19.61 9. bl 8.52 1.45 29. 19 68.38 52J 
1. 20 5.54 9. 36 4.27 20.36 9.98 8 .8 5 !. 50 30. 3 1 71. 01 540 
f-' 
H-
1.24 5.74 9.71 4.43 21. 12 1 o. 35 9.18 !.56 31 .43 73.64 56J 0 
1.29 5.95 10.05 4. 58 21.87 10.72 9.51 1. 61 32.55 76.27 SAO 
!. 3 3 6. 15 l o. 40 4.74 22.63 11 .09 9.84 1.6 7 33.1>8 7A. 90 600 
1.38 6.36 10. 75 4.90 2 3. 3 8 11. 46 1 o. 16 1. 72 34.80 8!.53 620 
1. 42 6.56 11.09 5.06 24.14 11.83 !0.4Q 1.78 35.92 34. 16 S4J 
1. 4 7 6. 77 ll. 44 5.22 24.89 12.20 10 .8 2 l .84 37.04 86. 79 660 
1.51 6.97 11.79 5.38 25.64 12. 57 11. 15 1.89 38.17 89.42 68 0 
1. 56 7. 18 12 .1 3 5 .53 26.40 12.94 11 .48 1. 95 39.29 92.05 700 
1.60 7.38 12.48 5.69 2 7. 1 5 13.31 11 .80 2.00 40.41 94.68 7 20 
1.64 7.59 12.8 3 5.85 27.91 13.68 12.13 2. 06 41. 53 97.31 7~J 
1. 69 7.79 13. 17 6.01 28.65 14.05 12.46 2. ll 42.66 9Q.94 760 
1.73 8-.oo 13.52 6.17 29.41 14.42 12.79 2.17 43.78 102.57 780 
t.78 8.20 13.87 6.32 30. 17 14.79 13. 11 2.23 44.90 105.20 BOJ 
1. 8 2 8. 41 14.21 6.48 30.92 15.16 13.44 2.28 46.02 107.83 820 
1.87 8.61 14.56 6.64 31.68 15. 53 13. 77 2.34 <.7.15 l1J .46 84J 
!. 91 8.82 14.91 6 .so 32.43 15.90 14 .! 0 2.39 48.27 113. 09 860 
1.96 9.02 15.25 6.95 33. 19 16.27 14 .43 2.45 49.39 115. 72 880 
2.00 9.21 15.60 7.11 33.94 16.64 14.75 2.50 50.51 11 B. 35 '10) 
2. 04 9.43 !5. 95 7.27 34.6'1 17.01 15 .os 2.56 51.64 120. 98 920 
2.09 9.64 16.29 7. 43 35. 45 17.38 15.<.1 2.61 52.76 123.61 94~ 
2.13 9.8lt 16.64 7.59 36.20 17.74 15.74 2. 67 53. 8 8 126.24 QS) 
2.18 10.05 16.99 7. 75 36.96 LB .11 16 .07 2. 73 55.00 128.87 980 
2.22 10.25 17.33 7.91 31.71 18. 48 16. 39 2.78 5~ .13 131 • 50 lOOJ 
Figure 29. Days of operation required by tillage system 
DAYS J F O PE~ATI ON RE ~UIRED BY ACR E S AND JOB FOR STRIP TILL SYSTEM 
N[ TRO r orAL S TRIP TILL STRIP CULT Cll.. T 2 TRA CTOR ACRF S 
1. 95 l. 95 2 .64 2.16 0.7B 7.52 10('1 
2.34 2 . 34 3. 1 7 2. 59 o. 94 9.03 12 :J 
2. 72 2. 72 3.1>9 3.02 1.09 10. 53 !4 C 
3.ll 3. ll 4. 22 3.46 1 .2 5 12 .o 4 160 
3.5 :> 3.50 4.75 3.89 1. 40 13.54 1 8) 
3.8 9 3.99 5.28 4.32 1.56 15.05 zoo 
4.28 4.28 s. 80 4.75 1. 7Z 16.55 2ZJ 
4.1>7 4.67 1>.33 5.18 1. 87 lB. 01> 24) 
5 . 0 1> 5. 06 1>.81> 5.1>2 2.03 19.56 no 
5.45 5.45 7.39 6. 05 2. 18 ?I .07 28) 
5.a4 5.34 7.92 1>.48 2.34 22.57 3 0C 
&.23 6. 23 8.4 4 6.'H 2 .so 24. 08 3 2C 
o."->2 1>.62 8.97 1. 34 2. 65 25.58 3!t J 
7. 0 l 7.01 9.50 7.78 2.81 27 . 09 3 6r 
7.3 9 7.39 10 . 03 8.21 2.9~ 28.59 3A O 
1.1a 1 • 78 10.55 8.64 3. 12 30. 1 0 40 ) 
8 . 1 7 a . 11 11.08 9.07 3. 28 31.60 42 0 
3 .5 !> 8.56 11. b 1 9. 50 3.43 3 3 .tl 44 0 
3.95 8.9 ~ 12.14 '1.'14 3. 59 34.61 46 ) 
• • 34 9. 34 12.1>1> 10.31 3.74 36.12 480 
•• 73 'l. 13 13.19 to. ao 3.90 31.1> 2 50:) 
10. 1 2 10. 12 13.72 11.23 4.0 6 39. 13 570 ....... 
10.51 10. 51 14.25 11 .66 4 .21 40.63 540 ...::... 
1).90 10.90 14.78 12. 10 4.37 42.14 5~J ...... 
11. 29 11.29 15.30 12.53 4. 52 43.64 SAO 
11.63 11.68 15. 83 12.96 4 .b8 45. 15 bOO 
12. 0 o 12.06 16.36 13.39 4. 8 4 46.65 b?J 
!2. 45 12. 45 16.89 13.82 4.99 48.16 64 0 
12.84 12.84 17. 41 14.25 5.15 49 .6!> 66 ~ 
l).23 l3 .23 17 .94 14.69 5. 30 51. 1 7 SBJ 
13.62 13. 62 18.47 15.12 5.4 6 52.67 100 
14 .o 1 14.01 19.00 15. 55 5. b2 54.17 723 
14. 40 14.4 0 1'1 .53 15.98 5.17 55.68 74 0 
14.19 14. 79 20.05 16.41 5.93 57.18 760 
15.19 15.18 20.58 16. 85 b. 08 58.69 7 8) 
15. 57 15.57 2l.ll 1 1. 2 B 6.24 60. 1'1 8 00 
15.96 1 5 .96 21. 64 17.71 6 .40 61.70 820 
16.3 5 16.35 22.16 18.14 6 . 55 63.20 84) 
16. 73 16.73 22 .69 18.57 6.71 64.71 86 0 
17.12 11. 12 23. 22 19.01 6.86 6!> .21 880 
1 7. 51 17.51 23.75 19.44 1. 02 67.72 'lOJ 
17.90 11. 'lO 24.27 19.87 7.1 B 6'1.2 2 'l 2(\ 
1<1.2 9 1B.29 24.80 20.30 7.33 10.73 94) 
18. 68 18.68 25.33 20.73 7.49 72.23 960 
19.07 19.07 25.86 21.17 7.64 73.74 980 
19.41> 19.1o6 26.39 21.60 7.80 75.24 10 0) 
Figure 29. (continued) 
DAYS JF OPERATION REQUIRED BY ACRES AND JOB FOR ROTARY TILL SYSTEM 
'I( TRJ ROTAVATE TOTAL PlANT CULT l CULT 2 TRAC roo ACRE S 
l. 8 7 2.74 4 .b l 1. 90 1.99 D. 71 9. 2 1 1 00 
2.24 3.29 5.53 2. 2 8 2.39 0.85 11.0 5 120 
2.61 3.84 6.46 2. 66 2. 711 o. 99 12.R 'l 14 J 
2 . 9 '1 4 . 3'1 7.3 8 3.04 3.1 8 I. 14 14. 74 16 0 
3. 36 4.94 8. 30 3.42 3.58 1.2 e [6.5P I R'J 
3.73 5.4'1 9. 22 3.80 3.98 l. 4 2 18.4 2 2~) 
4.1! 6. 04 l o. 14 4.18 4. 37 I. 56 20.26 2?0 
4.48 6.5 8 11. 07 4.56 4. 77 I • ., " 2 2 • 1 :J ? 4 ) 
4 . 3S 7. l 3 II .99 4.'14 5. I 7 l. AS 23 . 95 2b ~ 
5.23 7. 68 12.91 5.32 5. 57 I .99 25.79 280 
5 . 60 8.23 13. 8 3 5. 70 5. 96 2.13 Z7.63 )r) :J 
5. 13 B. 78 14.75 , . o~ 6.31> 2.27 29.4 7 37 0 
o.35 9. 33 1 5 . 68 6.46 6.71> 2 .41 31.32 34r 
0 . 12 9 . 88 16.60 6.84 7. 16 2 . 56 33. I 6 36 0 
1. l :J 10.43 17.5 2 7.22 7.5 5 2 .7 0 1~. 00 1~ 0 
7.47 10.9 7 18. 44 7. 6 0 7. 95 2 . R4 36.R4 40 ) 
7.d<, 11.52 19.37 7.98 8. 35 2. 9 P 3 ~. 6~ 42) 
9 . 2 2 12. 07 20.29 3 . 31 8.75 3.13 4fl. 5 1 44 0 
d .5 9 12.62 21.21 B. 75 9. I 5 3.27 42 . 37 46 :l 
a . 96 13.17 22 .13 9.13 9 . 54 3.41 44. 21 4 8 0 
9. 34 13. 7 2 23.05 9 . 51 9.94 3.5• 46.05 soc 
~. 7 l 14.27 23.98 9. 89 1 o. 34 3.69 47.8Q 520 f-' 
10. 0 3 14. 8 1 24.90 10 . 27 10.7 4 3.114 49. 74 540 ~ 
10 .46 15.3 6 25. 8 2 l o. 6'i ll. l 3 3.98 51.58 S6 0 1\:1 
LO. d 3 1 5 .91 26.74 11. 03 ll. 53 4. I 2 53.42 58 0 
11.2 0 16. 46 2 7.6 7 11 .4 l ll. 9 3 4.2/, 55.2 6 bOO 
11.58 17.0 l 28.59 11.79 12.33 4.40 57.10 620 
ll. 95 17. 56 29.51 12 . l 7 12. 7 2 4. 55 58.95 64~ 
12 .32 18. ll 30.43 1 2 . 55 13. 12 4 .f.'? 60 .79 t. t-.0 
12.70 18.66 31.35 12. 93 13. 52 4. 83 6 2 .63 6fl 0 
l 3. 07 19. 20 32 .28 13.31 13.9 2 4.97 64.47 700 
l 3. 45 19. 75 33.20 13. 69 14.31 5.11 1',6.31 7 20 
13.82 20.30 34. 1 2 14.07 14. 71 5.26 6 3 .1 6 H:l 
14. 1 9 20 . 85 35.04 14.45 15. 1 I 5.40 70.00 76 0 
14.5 7 l.l.40 35.96 14. B3 15.51 5.54 71.84 78 :l 
14.94 21.95 36.89 15.21 15. 90 5. 68 73.68 llrlO 
15. 31 22. 50 37.81 15.59 16.30 5.132 75.5 2 ~ 20 
15 .1'>9 23.05 38.73 15. 97 16. 70 5.97 1T.31 84 ) 
16. 06 23.59 39.65 11'>.35 11. 10 6. 11 79.21 ~~J 
16.43 24. 14 40 . 58 11>. n 17.5-0 b.25 81.05 880 
16.81 2'o.69 41.50 11. 11 17.89 6.39 82 . 8Q 9:JJ 
1 7. 1 ~ 25.24 42.42 17.49 18.29 6.5 3 84. 74 92 0 
17.55 25. 79 43. 34 1 7. 8 7 18.69 6. 1'>11 B6.5 8 94 (1 
17.93 26.34 'o4.26 18.25 19.09 6. 82 118.4 2 Q~ J 
18.30 2b. 89 45.19 1 8 .1)3 19.48 6.96 90.26 980 
1 a .67 27.43 46.11 19. 01 19.88 7.10 92.1 0 l:J OJ 
Figure 29. (continued) 
rlOU;{ S OF JPERAT!ON ~EQU!RE) dY ACR ES A"O JOB F OR CONVENTI ONAL S YS T E~ 
:J ! SK P LO" 1>< IT RC HAR Rr;·~ TOTAL Pl ANT CULT I CUl T 2 PLC~ TP l c TOP AC o ~s 
2 . 01) 9 . 23 1 5 . 6:> 7 . 9 I 34.73 l!l. 4 8 16 . 39 z . 7 8 33 . ~" : ')') . "7 1 ')"l 
z. 4 :J II . 0 7 1 3 . 72 9 . 4 9 4 1 .68 zz .1 8 19 . &7 3 . 34 4 0 . 41 I ?7 . 2 <: L~' C' 
2 . aJ 12 . 92 2 1. g4 ll . 0 7 43. '>2 25 . 88 22 . '15 3 . 9'l 47.1 ') l"-~ .4 9 14 ~ 
3.2 J 14 . 7~ 24 . 9& 12 . 65 55 . 57 2'1.5 7 26 . 23 4 . 4c:;; 53 . 'l" ~',"l . 7 .=' I '>: 
J . &J 1 &. 6 1 2~ . 0 8 1 4 . 23 ~2. 'j 2 33 . 27 2Q . 5 1 , • •.l l A0 . n2 l g"~ . i.? t Ar 
4 . 00 18 . 45 31. 2 0 15 . 8 1 ~9 .4 6 36. 97 3 2 .7 9 5 . 51> '>7.35 2 I 2 . 13 ?:) ~ 
" · 40 2 o . 3 :J 34 . 3 2 l 7 . H 1& . 4 1 4 0 . 6 7 36 . 07 6 . 12 74 . 09 2 31 . 34 nc 
4 . 8 •) 2 2 . 14 3 7. 44 1 8 . 'l7 a 3 . 35 44 . 36 3'1. 3 4 6 . 69 3:> - ~ 2 25'- . 56 24 fl 
5 . 2) 23 . 9'1 4).56 2:) . 55 '1 0 . } () 46 . Q& 4 2 . 62 7. 23 :!7 . 5~ 2 7 'l • 7 7 2'> 1 
? . & J 2 5 . 83 :. 3 . 6 3 22. 13 H . 25 5 1.7 6 45 . '1 0 7 . 79 '14 . 29 ?'I c . 98 28(' 
1> . 0) 27 . &>3 4 ~ . 80 23 . 7 2 I 04 . 1 9 55 . 45 4'1 .I 8 f: .) 4 1Jl.:J3 ~1 '3 .2:> 3 CY' 
~ . 4J 29 . 52 49 .'l 2 25. 3J Ill. 14 5 9 . 15 52.4& 9. QQ 10 7 . 1 & 33'1 . 41 ~21 
" · 9J ~ I. 3 7 53 . 0 4 2'>.
0 3 113 . 18 62 . 85 55 . 74 '1 . 4& 11 4 . 5'1 360 . ~2 34 ('1 
7 . 20 33 . 21 5~ . 1 ~ 23 . 41: I 2 5 . 0 3 1>& . 54 59 . :) 2 1 o . 0 1 121 . 2 3 l<i 1 • S 4 3~ :> 
7 . "J 35 . :: 6 5 '1.2 ~ J ,) . 0 4 111 . B 7() . 24 62 . 30 10. 57 I 2 7. "7 4 )1. ) 'j 1G J 
:! . :JJ 3& . 90 ~ 2 . 4 0 3 1. 62 13d . 'l2 7 3. 94 b5.57 I 1 . I 3 134 .7 0 4 2 4 . ?6 40C 
1.41) 31 . 75 '>'i . ; 2 ~ 3 . 20 145 . H 77. 63 68 . 85 1 1.&8 14 1. 44 '-4 5 . 47 4 >) 
d. 3J 4 o . 5 ~ o3 . 6~ 34 . 7::! I 52.9 2 ~ 1. 31 7 2 .I 3 12 . 24 1 48 . 1 7 4 66 . 6c; 44 0 
9 . 2J 4 2 . 44 71. 76 36 . 3 ~ I 5'1 . 76 ~ 5 . 03 7~ .4 1 12 . 3) 1 <4 . o l t.07 . 0 0 4~ 0 
9 . 6J 44 . 21 74 . 89 3 7. 94 lOb . 71 88 .7 2 7 8 . 69 13 . 35 16 1. bt. 5 C'l . 11 4 9.) 
t:J . llO 4 6 . 1 3 79 . 1') 39 . 53 I 73. 65 '12 . 42 8 1. 9 7 I 3 . 'II l &B . 3 8 5 3'l. 13 ~0'1 
IJ . 4J 47 . 97 8 t . 1 2 4 1. I I 1 9 0 . 1>0 q 6. 1 2 85 . 25 1 '- . 46 I 75 . II 55 I. <;<. 5 2J 
1-' 1 Ll . BJ 49 . 'l2 3'- . 24 42 . 69 1 97 . 55 ~ 9 . 82 ~~ .5 2 15 . 02 I o I. 8 5 572 . 7 5 'j4J t 11. ZJ 51 . 66 3 7. 3b 44. ?. 7 1 '14 . 49 1 J3 . 5 1 q 1. 80 15 . 5• I ~8 . 53 'j'J 3 . 9 7 'j(> ('l 
Lt.6J 53.51 9 0 . 4A 45 . a 5 20 1.4 4 10 7. 2 1 95 . 08 I &. 1 3 l '15 • 3 ~ ~ 15 . I B ~PC 
12 . oo 55 . 35 '13 . 61 't 7 . 4 3 2J3 . 3'1 11 0 . 'I 1 qq . 36 16 . 60 2 0 2 . 05 ., 3 ? . 3" "0<) 
1 2 . 4J 57 . 2 J 9? . 7 2 49 . 0 1 2 15 . 33 114. &0 I 0 1 . 64 17 .2'; 2Q 8 . 79 6~ 7. ~ 1 n?r 
12 . SJ 59 . 04 ~L ~ '- 50 . 59 222 . 29 11 8 . 30 1 04 . '12 17 . 31) 2 15 . 5? ~7 d . •2 o4J 
I ! . 2 J &C. 9'1 1 )2 . '1 6 52 . I 7 22'1 . 22 1 22 . oc 108 . 2 0 18 . 36 222 . 2? 7)J . :> 3 6&0 
13 . 60 62 . 73 I J'> . Q:l 53. 7 5 2 36. I 7 1 25 . &9 111 .4 e 18 . n 278 . 9 0 72 1. 25 "8(' 
14 . !JJ 64 . 5 ~ 109 . 20 55 . 34 243 .1 2 1 29 .39 I 14 . 75 I CJ . 4 7 ns . 13 74? . 46 7 1.) 
14 . 4 J 6& .'+ 2 11 2 . 3 2 51:>.'12 250 . 06 133.09 11 8 • .) 3 70 . 03 2'-2 .46 763 . 6 7 1 2r: 
1 <t . dJ 68 . 27 11 ' · 44 5 ~ - s 0 257 . 0 1 1 36. 7 8 1 2 1 . 31 2 o . 5 q 2 4 'l . 2J 7 0 4 . 33 74 ;\ 
1 5 . 20 7:1 . I 1 113 . 56 &0 . 0 9 263 . 95 140 . 4A 1 2 4 .';0 21 . I 4 255 . 9 3 916. I :> 75~ 
15 . 6 () 7 1. 9& 12 1. 69 6 1. 66 ?.70 . 90 1 4 4.1 8 121 . e 1 21 . 7.) 2" 2 • .., 7 A2 7. 3 1 78 0 
16 . JJ 73 . 9 0 124 . 80 63 . 24 2 77. 95 147. 87 I 31 . 1 5 22 . 25 2~9 .4 ] q<ts . s2 ~0~ 
16 . 4-J 75 . t>5 12 7. 93 & 4. ~2 2 94 . 7'1 1SL. 57 134 . 4' 22 . AI 2 76 . 14 Ab'l . 74 ~?0 
16 .8J 77. 4'1 131 . 05 &6 . 4 0 29 1. 74 1 55 . 27 I 3 7. 7 0 ?3. 37 2"?.H 990 . '15 940 
1 7 . 2.) 79 . 34 134 . 1 7 6 7. 9 8 298 . 69 !58 . 96 l40 . 9e 23 . '1 2 2 °9 . ~ I 912 . 1 6 S6J 
I 7. 6u 8 1. 1 9 137 . 2'1 6'! . 57 305 . 63 1 &2 . 6& 144 . 26 2 4 . 4~ 2'1o . 3 4 <l13 . 3 S 9qo 
13 . oo 8 3 . o 3 I4J . 41 7 1. I 5 312. 58 1 6& .3 6 1 47.~4 25 .J3 313 . 03 954 . 50 'lO ~ 
1 3 . 'tJ 8 4. 87 1 4 3 . 53 72 . 73 31'l . 52 1 70 . 06 15 0 . 82 2 5. SQ 3 0 <; . 3 1 Q 75 . 9 0 9>] 
18 . 80 8& . 7 2 146. 65 7 4 . 3 1 326.4 7 173 .75 154 . 10 ?b . I ~ 311> . 'i5 qq 7 . 0 I 'l 4 C 
19 . 20 89 . 5& l 4q . 77 7 5 . 89 3 33 . 42 I 77 . 45 1 5 7. 38 ?6 . 7 0 3 2 J • 2 'l 18 1 ~ . 23 96) 
19 . 1>0 'l0 . 41 1 52.89 77.47 340 . 36 l3 1. 1 5 160.66 27. 2~ 31 c . 0 2 103Q . 44 'I PO 
20.00 92 . 25 1 5& . 01 79.05 347. 31 l 84 . 84 16L93 27 . 82 33 6 . 75 I Oo0 . 6S 1000 
F igure 30. Hours of operation required b ,. ti llacre s \·stem 
. b • 
HOI.JI.S OF OPERATI ON RE~UIRED BV ACRES A'<D JCS FOR ST~IP TIll SYSTE~ 
I\ IT RG TOTAl STRIP Till STR I P CULT CULT ? TRACT(1R ACRES 
l 7. 5 l l7. 51 26 .3'1 21. 60 7.B r. 1J. 31 1 0 ~ 
2l. 02 2l.:J2 3l .6 6 25.'12 0 . 36 8 7. '1 6 l 2C 
24.52 24. 52 36 . 1<o 10 . 24 10 . .. 7 11 2 . 6? 14(1 
23.02 2~ . 02 42.22 )4. 56 12.4 8 1 l 7 . 2 ~ 16 J 
3 t. 52 31.52 47.4 '1 38. ~8 1<.. 0 4 1 31. q J 1 P.O 
} 5.03 35. 0 3 52. 77 4).2 0 15.1>J [<. 6 . 5') 200 
H.53 3 8 . 5 3 5;1.()5 47.52 17. 16 161.2 5 22) 
42.03 42. ') 3 63.3 2 5 l .84 LA. 72 l 75. q I 24(1 
45 .53 45. 53 ~ ~ . ~() 56. 16 zr . 2~ 1 'l() . 5 7 260 
4~ . J4 4'l.J4 73.B 60.48 2 1. g4 2 0 5 . 21 z•J 
5 2. 54 52.54 7'1.16 64.7'1 23 . 4 0 21'l.30 10 0 
5o.J<. 56.04 84 . 43 b9. ll 24 . 96 23 4. 55 32J 
5'l. 54 59 . 54 ~ q • 1 l 7l. 43 26 . 52 24'1 . ?1 34 ( 
63.05 6 3. )5 "l<. . qq 77. 75 23 . ) 3 2A ~ • ~ 7 3">C 
66.55 Q6.55 l ~'J . 2 6 ~ 2. " 7 2'=1 . 64 27 ~ . 53 1 8~ 
7 ~ . 05 7 0 . J5 105.54 3;, . 39 31. 2r. 293. l'l 40<' 
73.56 73. 56 11 0 . 32 ~') . 7 i 37 • 7. 317 . •s 420 
17 . Oo 17 .Jb 11 6 . 0'1 '15 . 03 34. 32 3? 2 . 51 44) 
80.5b ao. 56 121.31 N.35 3~. 1:18 317. l 7 460 
d4.06 84 . 06 121>.6 5 1 03. 6 7 37.44 351.81 48J 
H . 57 8 7. 5 7 131. 'B 10 7. 99 v~. oo 366.48 50 ) 
91.07 q 1. 0 7 137. 20 112.) l 4 0 . 56 )~ l. 14 5 20 f-4 
'14.57 '14.57 14 2 .48 116. 6 3 42 . 12 )q5. 81 54) *"" *"" c;a. o 1 '18.07 147.76 120.'15 4 3. 68 41 o . 46 ~60 
l •J l. 58 101.5 8 1 s 3. 0 3 1 2 5.27 45.24 425.12 ~ij(' 
l05. 0d t u 5 • . J8 158. 31 12 9 .5'1 46. 80 4 3'1. 7 8 60J 
to a . 5 a 10~.58 163.59 133.91 4 8 .36 454.4 4 620 
112. 0~ 112. na 16 9. 8 7 LJ8. 2 3 4'1.92 41>'1 .t o 64) 
ll5.5 "J 115.5 '1 174.14 14 2 .55 51 . 4~ 4 A3. 76 S '>:l 
119.0 9 11 9 . O'l 179.42 141>.87 53.04 49B.4 2 680 
122.59 122.5'1 184.70 l 51. 1 q 54.6 0 513.08 70:l 
126. 09 126. J9 189.97 155.51 56. 16 527.74 7?0 
129.1>0 129. 60 195.25 159. 83 q.72 542.40 740 
133.\J 133.10 200 . 53 164. 15 59.28 557.06 760 
l )b. 60 136.60 205.~0 168.47 1>0 .84 571. 72 7A O 
140. ll 140. ll 211. 08 l 72. 79 62 .4 0 586.38 soc 
143.61 l43.bl 216. )6 177.11 b 3. 96 6 0; . ()3 8?) 
14 7. ll 14 7. 1 1 221.64 181 .43 65.52 615.69 840 
15 0 .61 15 0 .61 22 6. 91 185. 7 ~ b 7. 08 630.35 860 
154.12 154.12 232.19 190.06 68.64 645. 0 1 98J 
157.6 2 1 57. 62 237.47 1'14.3 8 70.2 0 65'1.67 900 
161 .12 161. 12 242.74 198. 70 ll. 76 674.33 'l2J 
164. 62 l64.b2 248.02 20 3. 0 2 73.32 b8B.'lo 94 0 
168.13 168.13 253.30 20 7. l4 74. 88 70 3. 6 5 9 60 
l 7l .6 3 171 .6 3 258.58 211.66 76.44 718. 3 1 9R) 
l 7 5. 13 l 75. l3 263.85 215.98 7!!.00 732.97 1000 
Figure 30 . (continued) 
rlOURS OF OPERo\TION RE~IRED BY 4CR ES o\ND JOB FOR ROTARY TILL S Y S TE ~ 
NITRO ROUVo\TE TOTo\L PLo\NT CULT I CULT 2 T R o\CTOR o\CR FS 
16.81 24.69 41. 50 19. Ol 19.1!8 1.t:J 8 7. 49 100 
2 0.1 7 29.63 't9 .80 22. 81 23.86 8. 52 104.99 12) 
21. 53 34.57 51!. 10 26.62 27 .~ ~ 'l.'l4 122. 4'1 14 0 
21>.8. 3'1.51 66.40 30.42 31. 91 11.3& 13'1.99 168 
]I). 2 5 44.'t4 74.70 3ft. 22 35.79 12. 7 8 157.49 1~) 
33.1>1 't9. 38 83.00 J8 .02 39.76 14.20 174.98 200 
31>.97 54.32 '11.30 41. 8 3 43. 74 15.63 1 'l2 .~tB 22J 
40.3't 59.26 '19.60 45.63 47.71 17.05 209.98 240 
't3.70 64. 20 107.90 't'l.43 51.69 18.47 227. 4'1 260 
47.06 69.14 116. 19 53. 23 55. 6 7 1'1.89 244.99 280 
50. 42 74.07 124.4'1 57 .o 3 59.64 21. 31 2!>2.4A 300 
53.78 79.01 l32. 7'1 60.84 63.62 22.73 279 .'lA 320 
57.l't d3.95 141.09 64.64 67.59 24. 15 2'17.47 '\4J 
60.50 88. 89 l4'l. 39 6B.'t4 71.57 25.57 314. 91 360 
1> 3. a 1 93.83 157.69 72.24 75.5'i 21,.99 B2.'t7 38 0 
'>7.23 98.77 l 65.99 7!> .a 5 79.52 2 8. 41 349.97 408 
70.59 10 3. 70 1 H.29 7'1.1!5 8 3. 50 29.83 167.47 420 
73.95 LOB .1>4 182.59 83.65 87. 48 31.25 3 84.9 7 44) 
77. 3l 113.58 190 . 89 8 7. 't5 9 I .45 32.67 40 7. 4 7 46r 
80.67 118.52 199.19 9 L. 2 5 95 .43 34.09 419.96 4BC 
94.03 123.46 207.49 95.06 99.40 35.51 437.4& 50) 
87.39 128.40 215.79 93.% 103.38 36.93 it 54. 9& 520 ~ 
90.71> 133.33 224.09 l 02.66 107.36 38.35 47?.46 540 ..,... 
94.12 l38 .27 2 3 2. 39 106.46 Ill. 31 39. 77 499.96 560 C ..l1 
9 7. 4d 14 3. 21 240.69 110.27 115.3 I 41. 19 507.46 ';80 
l J O .84 148. 15 248.99 114. 07 119.28 42.61 524.95 60J 
l 04.2 0 15 3.09 257.29 117.87 123.26 44.03 542.45 67) 
107.56 1 5 e. oz 265.59 121.67 121.74 45.45 5 59.9 5 640 
1l:J .92 162.96 273.89 125.48 131. 21 4&.8 8 5 77 .45 66) 
114.29 167.90 2 82 .1 9 12'1. 2 3 135. l 9 4!l. 30 594.95 680 
117.1>5 172.84 2 '10. 49 1 H. 08 139 .l 7 49.72 612.45 700 
121. Ol 177.78 298.7'> 136.88 143. 14 51. 14 629.95 72 J 
l 2 4. 3 7 l 82. 72 30 7 .u'l 140.&8 14 7.12 52.56 6 4 7. 44 740 
127.13 187.65 315. 3'1 144. 49 151.09 53.98 664.94 768 
l 31.09 192-. 5'1 323.68 149.29 155.07 55.40 6R2.44 78~ 
134.45 197.53 3 3l. 98 152.09 159 .o 5 56.82 699.94 AOO 
137.82 202.47 340.28 1 55. 89 163. 02 s 8.24 717.44 82J 
141. 18 207.41 34!l.58 159.70 16 7. 00 59.66 714.94 840 
l 44. 54 212.35 356.88 l6 3. 50 170.97 b 1 .a a 7S2.43 86(' 
147.90 217.28 365. 18 16 7. 30 1 74. 95 62.50 769.93 88~ 
151.26 222.2 2 3 73.48 171.10 178 .'l ~ 63.'12 787.41 9()0 
154.62 227.16 381.78 I 74.90 182.90 1>5.34 804.93 920 
15 7.98 232.10 390.08 179.71 l 86.88 66. 76 A22. 43 9~) 
11>1.34 231. 04 398.38 182.51 190 .!l 5 68.Pl 839.93 960 
164.7 1 241.98 406.68 181>. 31 l 94. 8 3 1>9.60 8 57 .4 3 980 
11>8.07 2't6.9l 414.'18 190 .ll 198.81 71. 02 874.92 DO) 
Figure 30. (continued) 
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APPENDIX C. TIMELINESS PROGRAM OUTPUT 
CONVENTIONAL TILLAGE PRACTICE TIMELINESS PROGRAM 
CORN PII.:Jr:lUCT [!)N ONLY 
THIS RUN IS FOR 360 ACRES 
CPA! PC 1 CPA2 PC 2 CPA3 PC3 C PA4 PC4 PPC POC PC5 
1 o. 00000 o.ooooo 0 . 00000 o.ooooo ~ .00000 o.ooo oo 0.0000 0 0 . 00000 o . ooooo o. oo o on -o.oooo o 
2 -0.00000 0 .00 000 0.00000 0.00000 o.ooooo o.ooooo o . oonoo O. OOOJ C J .O O'lO~ o . 0oooo - o .ooorc 
3 -o.ooooo 0.00000 0 .00000 0.00000 o . aoooo o.ooooo o. 0000 0 0.00000 0 . 0~000 J.OOOOO -O.OJJ) ~ 
4 o. 30793 o. 00000 a.ooooo 0 . 00000 o.ooooo 0.00000 0.00000 0 . 00000 0.30 793 0.30793-0.0000 0 
5 0.83719 0 .00000 0.00000 0.00000 o. 00000 o.ooooo 0.00000 0 . 0000') 0 .8371'1 0 .83719 -0.000)0 
0 0.99561 0.01300 0.0000') 0.00000 0.00000 0.00000 o.ooooo o.ooooo o. 'l'l560 J.'l'l560 -o . o~JJO 
7 1.00000 0.4'1318 o. 00000 0 . 00000 0. 00000 o.oooo ~ 0.00()00 o.ooooo 0 .9 8700 0 .'1 8700 -0.00000 
1.00000 O.'l'->5'18 0.00000 0.00000 o. 00000 0 . 00000 o.ooooo o.ooooo 0.50~32 0.50~82 -0 . 00 0)') 
9 1. 00000 O.'l'l'l56 0 .9~5~ ~ 0 .1'l255 o.ooooo o.ooooo 0 .00000 o. 0000() 1. 000()0 1. 00000 -0.000)0 
lJ 1. 00000 0 .'19 '156 o. 9'1956 o. '164'.>4 O.OOJJJ o.ooooo o.ooooo 0.00000 0 . 80745 o.80745 -o .nnorJ 
11 1.00000 0 .999 51> 0.~9'156 0.'190 75 o. 000 00 o. 00000 0.00000 0.00000 0 . 035 3~ 0.035~6 -O. OJOJrJ 
12 1.00000 0.9'1'156 0 .9 9'15~ 0.9'1075 O.OOJOO o.ooooo 0.00000 o.ooooo 0 . 00925 1.0092S -0. 0000 0 
13 -0. 0000 0 -0.00000 0.99'156 0. 9'1075 o. 00000 0.00000 0 . 00000 0 .010:1 0 J.109?5 0 .0092~ - 0 .0000 0 
14 -o.ooooo -o.oooJo 0.9'1956 0.9'1075 0.'15705 0.59783 0.00000 o.oonoo 0.10891 ').'165 81> -0 . 001)1) 
15 -0.00000 -0.00000 0.99956 O.'l'l075 0.'1'1031 :1.97611 0 . 00000 0 . 000 () 0 0.00881 '1 .40130 -0.00000 
16 -O.OOOJO -0.00000 o.ooooo o. 00000 o. 99032 o. 98929 0 .5 9793 o . 377!.0 0.00881 o .!> 21B5 -~.oa :JJo 
1 7 -0.00000 -0.00000 o .oo ooo O. OO OO:J 0.9'1032 0.98929 0.'17611 o . 86140 o. 00000 O. 59971 - 0 . C'OJJO 
18 -0.00000 -0.00000 o. 00000 o.ooooo 0.'1903~ 0.98'12'1 J .9!)9 29 0 .9 8598 0.00000 0 .1 2891 -0.00000 ~ 
1'1 -0.00000 -0.00000 o.ooooo o.ooooo o. 990 32 o. 98929 o. 9892 'I o. 985 98 0.00000 0 . 0)433 -O.O:J1Jr. ..,. 
20 -0.00000 -0.00000 0 . 00000 o.ooooo 0.'19032 0.98'129 0 .9 892'1 0 . 9~598 o. 00000 o. 00433 -0. 00000 --1 
21 -0.00000 -0.00000 o. 00000 o. 00000 o. 99032 0. 9R92'1 0.9R929 D.'l85'lR 0 . 00000 0.00433 -0 . 00000 
22 -0.00000 -0.00000 o.ooooo 0 . 00000 o. 'l90 .!2 o . '1892'1 0.98929 0.98599 o.oooo~ 1).1J433 -0. 000)') 
23 -0.00000 -0.00000 o.ooooo o . ooooo 0.00001) O.'IR92'1 0 .:JO()OJ 0.98598 0.00000 o. 00000 - o. 00000 
24 -0.00000 -0.00000 0.00000 o. 0000 0 o. 00000 o.ooooo 0.000 00 O.OJOOO 0.00000 o.ooooo -0. 000)1) 
25 -0.00000 -0.00000 O.OOOOJ o.ooooo o.ooo oo 0.00000 0.00000 o. 00000 o. 00000 0 . 00000 -O.OJJ)1 
26 -0.00000 -0.00000 o. 00000 o.ooooo 0.00000 o.ooo o o 0.00000 0.00000 0.00000 ().00000 -0.00000 
2 7 -0.0000 0 -0.00000 O.OOvOO 0.00000 0.00000 0.00000 o . ooooo 0.00000 o.ooooo o.ooooo -0.000)0 
28 -0.00000 -0.00000 o.ooooo 0 .oo 000 0 . 00000 o.ooooo 0 . 000~0 o . oonoo o.ooooo 'l.OOOOO -0.00 000 
2'1 -0.00000 -0.00000 o.ooooo a. ooooo a. ooooo o.ooooo O.OOOJO o.ooooc o.ooooo O.JD 100 -0.000) 0 
30 -0.00000 -0.00000 o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo o . 00000 o. 00000 0 .00000 -0.00~)0 
31 -o_. ooooo -o. ooooo o. 00000 0.00000 0.00000 o.ooooo o.ooooo 0.00000 1.00000 1.ooooo o . ooooo 
32 -0.00000 -0.00000 0.00000 o.ooooo o.ooooo o. 00000 0.00 000 0.00000 0.00010 O.DJJOO 0 .0 .) '))0 
33 -0.00000 -0.00000 o.ooooo 0.00000 O.OJOOO 0.00000 o.ocooo 0.00000 0.00000 0.00000 o. 000(1 0 
34 -o.ooooo -o.ooooo o.ooooo o.ooooo 0.')0001 o.ooooo o.ooooo 0. 00000 O.OOOOJ 0.00000 o. 8581>6 
35 -o.ooooo -o.ooooo o.ooooo o.ooooo o.ooooo o. 00000 o. 00000 0.00000 -0 .85 861> -0.85866 () . '19971 
36 -0.00000 -0.00000 o.ooooo o.ooooo o.ooooo 0.000 00 o.ooooo 0.00000 -O.'l9'171 -0.99'171 o. 99971 
37 -0.00000 -0.00000 0.00000 o. 00000 o. 00000 o.ooooo 0.00000 0.00000 -0,'19971 -0.'19971 0 .'1'1'17 I 
38 -0.00000 -0.00000 0.00000 0.00000 0.00000 o.ooooo o.ooooo 0 .00000 -Q.99'17l -0.99'171 0.'19971 
39 -0.00000 -0.00000 o. 00000 0.00000 0.00000 o.ooooo 0 .00000 o.ooooo - 0 .9'1971 -0.99971 o. 99'l7 1 
40 -o.ooooo -o.ooooo o.ooooo o.ooooo o.ooooo o.oo ooo o. 00000 o.ooooo -0.99971 -0.99'171 0 .9'197 1 
41 -o.ooooo -o.ooooo 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000 -0.99971 -0.99'l7l 0.'19'l71 
42 -0.00000 -0.00000 o. 00000 o.ooooo 0.00000 0.00000 o.ooooo 0.00000 -0.'19'171 -0.99971 0.'19971 
Figure 31. Timeliness program output for each limiting acreage- conventional system 
CONIIENTIONAL TILL AGE PRACTICE TIMELINESS PROGRA~ 
CORN PR OD UCTION ONLY 
THIS RUN IS FOR 520 ACRES 
CPA1 PC1 CPA2 PC2 CPA3 PC 3 CPA4 PC4 PP S POC PC5 
1 0.00000 0.00000 0.00000 o. 00000 0. 001)0:) 0.00000 0.00000 o.aoooo O.OOOO::J O. ::JJ::J03 -O.OJOJO 
2 -0.00000 0.00000 o.ooaoo O.OOOO'l 0 .') 0001 o.ooooo 0.00000 0.00000 0. oooao O.OO::J Oa -O.a::JJ)::J 
3 -a. oooao o.ooa ao a. ooooa o.oooaa o . ooo~o o. ooooo 0.00000 o.ooooo 0. 00001) o.ooooa -a. ooooo 
4 0.30793 0.00000 0.00000 o.ooooo 0.00000 o. ooaoo a. ooooo 0.00000 0.30793 0.30 79 3 -Q.01JJO 
5 o. 83719 0.00000 o.ooooa 0.00000 0 .0030a o.ooooa 0.00000 0.00000 0.8371 9 0.83719 -a.ooooo 
b a.995b1 a.ooooo 0.000 00 0.00000 o. aoooo o. 00000 o.oooao O.O::JO OO 0.99561 0.9951>1 -0.00000 
7 1.ooooo a .oo 370 0.00000 o.ooooa o. aOO'lO o. 00000 0.00000 0.00000 1. 00000 1.00000 -O.O!J::J )Q 
8 1.00000 0.28591 o.aaooo 0. 00000 o .oa oao o.aoaoo 0 .ooooo o.ooooo 0.9963 0 a.9963 0 -0.00000 
9 1.00000 0.87836 o. 28591 a. ooooo o. 00000 o. 00000 o.ooooo o. ooaoo 1.00000 1.0000a -0. 03'lJ a 
10 1.oaooa 0.99594 0.878 36 0.20264 0. 000aO o.aoo oo o. ooooa o.ooooo 1. 00000 l.OOOOa -O . OJJJ3 
11 1. aoooo 0.99618 a. 99594 0.73384 o.aaoo:> o.ooooa 0.0001)0 0.00000 0 . 79736 1.79736 -o.noooo 
12 1.aoooo a.99618 0.99618 0.97149 o. ooooa 0.00000 0.00000 o.ooooo 0.25515 ).25616 -o. aoo Jo 
13 -0.00000 -0.00000 0.99618 0.99471> ).00000 o.ooooo o.ooooo 0.00000 0.02851 o. o 2 8 s 1 -o. a::> oo o 
14 -0.00000 -0.00000 0.99618 0.99480 o. 28~ ~2 0.030 ao o.oaona o. ooooo D.::J a 14 2 o. 28583 -0. oocoo 
15 -o.ooooo -o.ooooo 0 .9961 8 0.99480 o. 87 380 0.25676 o. 00000 o.ooooo 0. :)0137 'J.87517 -D.033J'l 
16 -0.00000 -0.00000 o.ooooo o . ooooo 0 . 99077 0.81766 0 .aoooo o.ooooo 0.00137 0.13538 -0.00000 
17 -0.00000 -0.00000 0.00000 o. 00000 o. 991 00 0.98255 0.25~76 O.OO'lna 0.00000 0.431)10 -0.01)00 0 
18 -0.00000 -o.aoaoa o.aooao 0.00000 a.99100 0.99078 0.81766 o. 2 54 76 o. 00000 a. 82 601 -0.000 00 
19 -0.00000 -0.00000 0.00000 o. 00000 0.991 0J 0.99079 0. 92672 o. ?54 76 0. 00000 0.672 18 -0.00000 I-' 
20 -0.00000 -0.00000 0.00000 o. 00000 0.99100 o. 99079 0.92 695 0.25476 o.oo ooa 0.6724G - O.O:>aJn ~ 00 
21 -0.00000 -o.oooao a.ooooa o.oaooa a.'l91aa 0. 99079 0.92695 o. 2 54 76 o. ooaoo 0.67240 -O.Oa::JJ O 
22 -0.00000 -0.00000 o. 00000 o.ooooa a.99100 0.99079 0.92695 0.25471> o.aoao1 0. 67240 -o.oaooo 
23 -a.oaooa -o.oooao o.ooooo o.oooao a.aooaa o. 99079 a. oaaaa o. 2 54 75 0. 001JO 0.1J) J0 -0.003)0 
24 -o.ooooa -o.aoooo a.ooaaa o.aoooo J.aoaaa o.ooooa o.ooooa o.aoooo 0.00000 :).Oaooo -o.ooooa 
25 -o.ooaoo -o.ooooo o.oaooa 0. 00000 a.aoaoo o.aaoao a.ooa0o o.aoooo 0.03000 o.ooooa -o.oooco 
26 -o.oooaa -a.ooa aa o.aaooa o.oaooo o.ooaaa o.ooooo o.aoooo o.aoaoa o.aoooo a.ooaoa -o.oaOJO 
27 -o.aooao -o.ooaoa o.oaooa o.oaooa a . oaaa3 o.ooooa a .oaooo a.OOO<'O o.oaoao o.aooao -o.aaooo 
28 -o.ooaoo -o.oooao 0.00000 a. ooaao a. ooooa o. aoooo o.ooaoa a.OO()Oa a.ooooo O.JJJ aO -O.OJOJO 
29 -o.aoaoo -o.oaooa a.aaaoo 0.00000 O.O a:>oa o.oooao o.ooooa 0.00000 o.aoooo 0.oaooo -0.00))0 
3a -o.oooao -o.ooaoo o. aoaaa a.ooooo o.aaaoo o.o aaao o.oaaaa a.aoaaa o.oaoao o.ooaoo -o.aaoao 
31 -o.ooaoo -o.ooooa o.aaaoo o.oooaa o.oaoaa o. 00000 0.00000 o.ooooa I. Oaaoo I.OJJ OO O.OJ~) O 
32 -0-~0000 -o.ooooa o.oooaa o.oooaa a.ooooo o.ooo oo o.ooaoo o.ooooa 0.00000 o. oaaan o. 00000 
33 -o.aoaao -a.ooooa o. oooao a. aoooa a.oooao o.ooaoo o.ooaao o.aoaaa o.aooor a. aoo0a o.oooo o 
34 -o.oooao -o.aoaoa o.aoaoa o.aoooa a. ooaao o. oooao o.oaooa o.oaooo o.aoao1 1.))00') 0.013JJ 
35 -0.00000 -0.00000 o.aoooo o.aooaa a.aoaoa o.ooooa a.ooaaa o.aaaoo a.ooaoa o. ooaoo O. I? 8? 7 
36 -0.00000 -o.oaooa o.oooao o.oaooa o. aoooo o.oa oao a.ooooa o.ooooo -).12827 -0.12 82 7 0.94364 
37 -a.ooaoa -o.aaoaa o.aaooo o.ooaoa a.oooaa o.oaoao o.ooooa a.oaooo -0.94364 -1).94364 0 .9~9<7 
38 -0.00000 -o.oooao o. aoaoo a.ooooo a.oaaoo o.oaaoo 0 .oaooo 0.00000 -0.99947 -0.99947 o. 9Q94 7 
39 -o.aoooo -a.oaaoo o. ooooa a.ooooa a.ooooa o. ooooa 'l.Oaoaa o.ooooo -0.99947 -o.~~q47 a.9q947 
40 -o.ooooo -o.oooao a.aaaoa o.aaaoo o.aoaoa o.ooaaa 0.00000 0.00000 -0.99947 -a.99947 0.99947 
41 -o.ooaoo -o. ooaoo o. 00000 0.00000 a.aoaoo o.oaoaa a.aooao o.aaoaa -a.99947 -0.99947 o. 9994 7 
42 -o.aoaoo -0.00000 a.oaooo o.ooooa o.ooaaa o. 00 000 o.ooaoo o.ooaoo -a.99947 -0.99947 a.9~947 
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Table 31. Mean accumulated fuel use by treatment - 1966 
Experiment Tillage Mean fuel use (gal/ A) 
ident. treatment Locate I Locate II 
Input trials Conventional 4.07 3.99 
Locate I and II 
Strip till 2. 73 2.73 
1966 
Rotary till 2.57 2.80 
Table 32 . Analysis of variance of accumulated fuel use for locations I and II -
19GG 
Location Model Source df Sum of Mean F Tab 
squares square ratio F. 05 
Treats 2 5.4535 2.727 194.42** 4.26 
-~ 
c1 1 5.4064 5.406 385.50** 5.12 
~ 
I + 1 0.0470 0.047 3.35ns 5.12 - c2 ....... 
~ .Error 
II 
9 0.1262 0.0140 
~ Total 11 5.5796 
Treats 2 2. 0309 1.015 71. 66** 9.55 
;;-
....... 
c1 1 2.0262 2.026 142.99** 10.13 ~ 
+ 
0.33ns II ;:::;- c2 1 '0. 0047 0.005 10.13 -~ 
Error 3 0.0425 0.0142 
~ ..... 
Total 5 2.0734 
158 
Table 33 . Mean accumulated fuel use by treatment- 1967 
Experiment Tillage Mean fuel use (gal/ A) 
ident. treatment Locate III Locate IV 
Input trials Conventional 4.60 4.78 
Locate III and IV 
Strip till 2.32 2.68 
1967 
Rotary till 2.98 3.42 
Table 34, Analysis of variance of accumulated fuel use for locations III and 
IV - 1967 
Location Model Source df 
- Treats 2 ~ 
~ c1 1 
+ 
III - 1 '2 c2 
f:Q 
+ Blocks 2 
;:::;-
~ 
E-; Error 4 
.-4 Total 8 :>-< 
-~ Treats 2 ~ 
~ 
+ C1 1 
'2 
IV f:Q c2 1 
+ Blocks 4 -...... 
E-; Error 8 
II 




























































Mean job time (hrs/ A) 
Locate I Locate II 
1.11 1. 05 
0.80 0.77 
0.88 0.83 
Table 36. Analysis of variance of accumulated job times for locations I and II -
1966 
Location Model Source 
Treats 
-:::3 c1 -~ 










































































Mean job time (hrs/ A) 
Locate III Locate IV 
1. 09 1. 06 
0.65 0.69 
0.82 0.93 
Table 38. Analysis of variance of accumulated job times for locations III and 
IV - 1967 
Location Model Source df Sum of Mean F Tab 
squares square ratio F. 05 
-~ Treats 2 0.2946 0.147 42. 01 ** 6.94 
~ 
+ c1 1 0.2462 0.246 70.21** 7. 71 
5: c2 1 0.0484 0.048 13.81* 7. 71 III P=1 
+ Blocks 2 0. 0038 0.002 0.55ns 6.94 --E-t Error 4 0.0140 0.0035 
,...-! Total 8 0.3125 :>-; 
- Treats 2 0.3638 0.182 113. 50** 4.46 ~ 
~ c1 1 0.2200 0.220 137.28** 5.32 
+ 
IV 5: c2 1 0.1437 0.144 89. 71** 5.32 
P=1 
Blocks 4 0.0141 0.004 2.20ns 3.84 + -..... 
E-t Error 8 0.0128 0.0016 
II 
,...-! Total 14 0.3907 
;:.... 
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Mean corn yield (bu/ A) 




Table -!0. Analysis of variance of corn yield for input trials at locations I and 
II - 1966 
Location Model Source df Sum of Mean F Tab 
squares square Ratio F. 05 
;:; Treats 2 350.2485 175.12 0.86ns 5.14 ....... -~ 
I + ,::;- Error 6 1225.8928 204.32 
~ 
II Total 8 1576.1413 
"<!" 
:>-t 
Treats 2 1147. 5693 573.78 39.87** 9.55 
;:; 
c1 1 421.2696 421.27 29.28* 10.13 ....... 
~ 
II + 1 726.3023 726.30 50.47** 10.13 - c2 ....... -t-+ 
II Error 3 43.1702 14.39 
"<!" 
:>-t 
Total 5 1190. 7395 
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Table 42. Analysis of variance of corn grain and corn ensilage yields at locations 
III and IV - 1967 
Location Model Source df Sum of Mean F Tab 
squares square Ratio F. 05 
5' 
Treats 2 1401.8848 700.94 39.96** 6.94 
III ~ c1 1 1395.6853 1395.69 77.58** 7. 71 + 
Corn ~ c2 1 6.2013 6.20 0.34ns 7. 71 ~ 
grain + 




Error 4 71.9734 17.99 
:>< 
Total 8 1556.1274 
~ - 2.35ns ~ Treats 2 2169169.0 1084584.0 5.14 
IV + -




yield ;::;- Error 6 2772971.0 462078.5 .._. 
f-i 
II Total 11 5261810.0 
""" :>< 
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Table 44. Analysis of variance of corn yields for yield trials for 1966 and 1967 
Year Model Source df Sum of Mean F Tab 
squares square Ratio F. 05 
Treats 2 671.9873 335.99 4.08* 3.68 
~ 
c1 1 530.5348 530.53 6.45* 4.54 ~ 
196G 
~ 
+ c2 1 141.4553 141.46 1. 72 4.54 -..... Error 15 1231.3474 82.29 f-; 
~ Total 17 1906.3347 
~ 
Treats 2 633.3853 316.69 5.65* 3.44 
~ ..... 
~ c1 1 362.7018 362.70 6.47* 4.30 
+ 
1967 
8 c2 1 270.6736 270.68 4. 83* 4.30 
P=l 
+ Blocks 11 2194.2488 199.48 3.55** 2.26 
..... 
f-; Error 22 1233.0659 56.05 
~ Total 35 4060.7000 ~ 
1 65 
APPENDIX F. MACHINERY COST PROGRAM OUTPUT 
MACHINERY FIXED AND VARIABLE COST S BY JOB- JOB= DISKING STALKS- CONVENTIONAL SYSTEM 
CAPITAL ANNUAL HOUSING I NSUR TO TAL ~EI>AI~S FUEL LABOR T OTAL TOTAL TRACTOR T or AL ACRES TJTAL 
~ECOVERY TAXES FIXED ~ MA l'l T ~ L UB VAR I 'I FIX~VAR I NC~E PEP ACRF 
26 2. b 1 18.14 9.07 5.44 29 5. 2 5 9. 81 8. 28 16.00 34. O<l 329.34 I 02.80 4) 2 .15 100 4.32 
262. b l 18. l 4 9.07 5.~4 ns.2s 11.17 'l.<Jio I 'I .20 40.'11 3 36. 16 104. 18 440. 34 1?0 3. I> 7 
262.61 18.14 9.07 5.44 295. 2 5 l 3. 74 11. 59 22.40 4 7. 73 342.9g 10 5. Sf> 448. 54 140 3.7.0 
262.61 18.14 9.07 5.44 295.25 15.70 13.25 25.60 54. 55 349. 80 l 06. '14 4 5 b. 74 160 2 .85 
262.61 1 g. 14 9.07 5. 44 295.25 l 7.66 14.90 28 .80 61.37 351>.62 10'3.37 464.94 180 2. <;A 
262.61 18. 14 9.07 5. 44 295.25 19.62 16. 56 32.00 68. 18 363.44 1 O<l. 7 0 473.14 200 2.37 
21>2.61 18. 14 9.07 5.44 295.25 21.59 13.22 35.20 75.00 3 7 o. 2 6 111.08 4~1.33 220 2. 19 
262.61 18. 14 9. 07 5. 44 295.25 23.55 19.H 38.40 8 t.A2 377.')7 112.46 489.53 240 2. 04 
262.61 18. 14 9.07 5.44 29 5. 25 2 s. 51 21. 53 41. 1>0 88.64 3e3.99 113.84 491.13 21>0 1. 91 
262. 61 1 e. 1 4 9.07 5.44 zqs . 2 s 27.47 23.18 44.80 95.46 390. 7l 115. 22 50 5. Q 3 280 I. R I 
262.61 18.14 9.07 5. 44 295.25 29.44 24. 84 48.00 I 02 .28 397.53 116.60 514.13 300 1. 71 
262.61 18.14 9 .o 1 5.44 29 5. 25 31.40 26.50 51.2 0 109. 10 40 4. 35 117.98 52 2 . 32 320 I .63 
262.61 18. l 4 9.07 5. 44 2 95.25 33.36 28.15 54.40 ll5.91 411. l 7 ll 'l. 36 530.52 340 1. 51> 
262.61 18.14 9.07 5. 44 295. 25 35. 32 29. 81 57.60 122.13 417.9 9 I 2 0 . 74 53R.72 360 1.5() 
262.61 18.14 9.07 5.44 2'15 . 25 37.29 H.46 60.80 129. 55 424. 80 12 2. 12 54 6. 92 380 1. 4 1• 
262.61 18. 14 'l. 07 s. 44 295.25 39.2 5 33.12 64.0:> 136. 37 431.62 121.50 <;SS. 12 400 1. 39 
262.61 18. 1 4 9.07 5.44 295.25 41. 2 1 34. 78 67.20 143. 1 q 438.44 124.88 51>3.32 420 1.34 
262.61 18. 1 4 9.07 5.44 295.25 43.17 36.43 70.40 150.0 I 445.26 126. 26 571.51 440 1 . 10 
262.61 18.14 9.07 5.44 295. 25 45. 14 38. 09 13.60 I <;6 .83 452 . o 'I 127.63 57'1.1! 460 !. 26 
2o2.ol 18.14 9.07 5.44 2'15.25 47. 10 39. 74 76.80 163.64 45 A. 90 120.01 5'37.91 480 1 .n 
262.1>1 18. 14 9.07 5.44 295.25 49 .oo 41.40 80.00 170.46 46 5. 71 130. 39 596. II 500 J. I 9 ,_. 
21>2.01 18. 14 9.07 5. 44 295. 25 51. 02 4 3. 06 e3 .2 0 177.28 472.53 131.77 604.31 520 1. 16 O'l 
21>2.61 18.14 9.07 5.44 2'1 5 . 25 52.'19 44.71 86.40 194. 10 4 7'1. 35 133. I 5 612.50 540 1 .13 O'l 
262.61 lB. 14 9. 07 5. 44 295.75 54.95 46.37 8'1.60 l'lO .92 486.17 134.53 620.70 560 l. II 
262.61 18.14 9.07 5.44 29 5. 2 5 51>. 91 4~. 02 '12. 80 197. 74 4 92. 99 I 3 5.91 62~.9) 5110 !.OR 
2 6 2. 6 1 18. 1 4 9.07 5.44 295.25 58.87 49.68 96.00 20 4. 55 49'1.81 131. 2'1 637.10 600 I. 06 
262.61 lB . 14 9.07 5. 44 295.25 60.84 51.34 9'1.20 211.37 506.63 138.67 645.30 620 t. 04 
262.61 18.14 9.07 5.44 29 5. 25 62.eO 52. 99 102.40 21 8. l'l 513.44 14 a. os &53.50 b40 l .1)2 
262.61 1 B. 1 4 9.07 5.44 295.25 64.76 54.1>5 105.60 225.01 520.21> 141.43 bb 1. 69 660 l. 00 
262.61 18.14 9.07 ~ - .... 29 5. 2 5 bb. 72 56.3 0 l 08 .8 0 lll .83 527.08 142.81 66'1.89 680 0.'19 
21>2.61 18 .14 9.07 ::t.44 29 5. 25 68.69 57.9b 112.00 23e.65 533. 90 144. 19 6 78. O'l 700 0.'17 
262.61 1 B. 14 9. 07 s. 44 295.25 70.1>5 5'1.62 lt5.2:l ?45.47 540. n 145.57 686.29 720 o. 95 
262 .b 1 18.14 9.07 5. 44 29 5. 2 5 12.61 bl. 27 11 8. 40 252.28 547.54 146.95 694.49 74(1 0.94 
262.61 18.14 9.07 5.44 2'15.25 74.57 62.93 121.60 25'1. (() 554. 35 148.33 702.69 760 0.92 
262.61 18.-14 '1. 07 5. 44 295.25 71>.54 1>4.58 124.il0 265.92 <;b l. l 7 149.71 710.88 780 n. 91 
262.1>1 18. 14 9.07 5.44 2'15. 25 78.50 bb. 24 12 e. oo 217. 74 5!>7.'19 I 5 1.0~ 719 .oe BOO 0.90 
26 2. b 1 LB. 14 '1.07 5.44 295.25 e0.46 67.90 131.20 279.56 574.RI 152.4 1 727.28 A20 0. R9 
262.61 18.14 9.07 5.44 2'1 5. 25 e2. 42 69. 55 134.40 286.38 SAl .63 153.85 735.48 840 0.88 
262.61 18.14 9.07 5.44 295.25 84.3'1 11. 21 137.60 293. 19 588.45 155. 23 741.6~ 860 0.86 
262. 61 1 e. 14 9.07 5.44 295.25 81>.35 72.86 140.80 300 .o l 59 5. 21 156. b 1 751.87 A flO o. ~5 
262.61 18.14 9.07 5. 44 2'1 s. 2 5 ea. 31 74. 52 144.00 30f,.93 602.08 157.'19 760.07 900 o.e4 
262.61 [8.14 9.07 5.44 2'15.25 90.27 76.18 147. 20 313.65 608. 90 15'1. 31 768.27 '120 O.A4 
262.61 18. 14 9. 07 5. 44 295.25 92.24 71.83 150.40 320.47 615.72 160.75 776.47 940 o. 83 
262.61 te. 14 9.07 5.44 295.25 94.20 79. 4'1 153. 60 327. 29 622.54 162.13 7e4.67 960 0.82 
26 2. 61 18.14 9.07 5.44 295.25 96.16 e 1. 14 156.80 334.11 62'1.36 163.51 79 2. 8 b <ieo o. 81 
262.61 18. 14 9. 07 5.44 295.25 99. 12 82. 80 16 0. 00 340.'12 636.18 164.89 801.06 1000 o. 80 
Figure 34. Machinery costs - conventional system 
MACHINERY FIXED AND VARIABLE COSTS ElY JOB - JOB = PLOIIIN G - CO NVENTIO NAL SYSTE"' 
CAP I TAl AN/'U AL hOUS l NG I N SUR TOTAL REP AIRS FUE L LA~OR TOTU TOTAL TPACTOR TOTAL ACRES TOTAl 
RE COVER Y TAXES FIX ED £ MAINT £ LU B VA R.!B F ! X£VA~ IN :RE PE o ~c R.E 
20l.88 14.08 7.04 4.22 229.22 37.84 37.8 3 73.80 149 .4B 3 7 B. 70 476.99 .~55.69 1 00 1!.56 
203.88 14.0 8 7. 04 4. 22 22 9. 2? 45.4[ 45.4 0 88 . % 179.37 4 08 . 60 483 .40 9'1 1.'l9 1 20 7. 43 
203.88 14.0 8 7. 04 4.22 229.22 52 . 98 52. 97 10 3 . 32 209 . 27 438.4'l 489 . df) 12 ~ - 21 140 6 . b 3 
20 3. a a 1 4. 08 7.04 4.2 2 22'1.22 6) .5 5 60.54 119.0 8 Zl9.1 6 46~.3Q 496. 20 'l64 . 5~ 1 60 b. 03 
2:)3.88 14.08 7. 0 4 4. 22 2 29 . 22 68. 11 '>8 . 1 0 132.~4 269 .1 1> 4'18.2 8 502 . 60 11'10.8~ 1~0 5. 51> 
2 03.88 14.08 7. 04 4.22 229.22 75.6 8 75. 6 7 147.60 298 . '15 5 28 . 1 q ~ 0 9 . 00 I 03 7. I R 2 0') 5.1'l 
20 3. 8 8 14.08 7.04 4. 22 2 2'l. 2 2 8 3.2 5 ~3.24 1!.2.36 l28 . R 5 558 . 0 7 5 1 5 .4 0 10 73.H 220 4.88 
203.88 14.08 7. 04 4. 22 229. 22 'lO . 82 'lO. 80 177.12 ' 58 .7 4 58 7. 'l7 ~21. 81 11 '19 .77 2 4 0 4.62 
203.88 14.08 7.04 4.22 229.22 93 .39 98.31 191. 88 38 ~ - 64 b 17. 96 52 9. 21 114 '>.0 7 260 4.41 
203.88 14.08 1. 04 4. 2 2 2 29 . 22 1 05 .95 105.94 206.64 418.53 64 7.7 6 534 . 61 1192.36 2RO 4. 22 
2') 3. 88 14.08 7.04 4. 22 22'1.22 11 3. 52 113. 50 221. 40 448.43 677.6~ 541 . 0 1 121 3 . ~6 300 4.06 
20 3. 88 14.08 7. 04 4.22 229.22 121.0'l 121.07 236 .16 47 8 .32 7 07 . 5 < 54 7. 4 1 1?54.96 320 1. 'l2 
20 3. 88 14.08 7.04 4. 22 229.22 12"1. bl> 12 a. 64 250 .92 508.22 73 7 . 44 55 3 . 8 I 129 I. 2"> >4 0 3. ~0 
203.88 14. 08 7.04 4.22 229.2 2 136 . 2 3 136. 21 265.61! 53 8 .11 767.14 560 . 22 13l7.~~ li> O 3.6'1 
20 3. 88 14.08 7.04 4. 22 22'1.22 143.80 143.77 260.44 568.0 I 7'l7.2 3 566.62 1 3&l. 35 3 AO l. 59 
203. 88 14 .a 8 7.04 4. 22 229. 2 2 I 51. 3F, 151. J4 2 'l5 .2 0 5 97. QQ 8 2 7. 1 3 <7 3.02 )41) 0 .15 4()0 '· 50 
2 OJ. 38 14. 0 8 7.04 4.22 229.22 158.93 158. '1 1 30 9.96 627. 80 8 57. 02 5 79. 42 143&.44 420 1.42 
203. 8 8 14.0 8 7. 04 4. 22 22 '1. 22 16o.50 16!>.47 3 24.7 2 657.69 P.!\6.92 58'5.82 147 2 .74 44 0 3. 35 
203.8 8 14 .o8 7.04 4.22 229.22 174.07 174. 04 339. 41l 6~ 7.5 9 916. S l 592.22 1 50'1.04 460 3.28 
203.88 14.0 8 7.04 4.22 22'l.22 18 1.64 18 1.61 354.24 717.4e 946. 1l 598 . 63 1545 . B 4q o l. 2? 
20 3. 88 14.08 7. 04 4. 22 229.22 18 '1 . 20 189.17 369.00 747.l8 976.60 60 5 . o 3 1~81. 63 500 3 . 16 ,__. 
20 3.88 14.08 7.04 4.22 229.22 196.71 196. 74 38 3. 76 7 77. 2 7 I 0 06. 50 6 11.43 16 17. '13 520 3. II m 
20 3. 88 14.08 7.04 4.2 2 229.22 20'o. 34 204. 31 39 8 .52 80 7. I 7 10 36. 3'1 6 17.83 1654. 23 54 0 l. 06 -l 
20 3. 8 8 14.08 7.04 4. 22 229. 22 211.91 211.qa 413.28 837. 06 1061, . 29 ~ 24.24 1&91J.52 56 0 3.02 
203.86 14.08 7.04 4.22 229.22 21'1.48 219.44 428. 0 4 ~66.'1 6 10'l6.18 63 o . 64 1 72f) . A? 580 2.'18 
20 3. 8 8 14.0d 7.04 4. 22 22 9. 22 227.05 227.01 442.~0 8'l6 . 86 1126. 0e 63 7.04 17 6 l.l 2 1>00 2. 94 
203.88 14.08 7.04 4. 22 22'1. 22 234 .61 234.58 457.5 6 <>26.75 1155.'l7 643 .44 17'1'1.42 6?0 2 .90 
203. d8 14.08 7. 0 4 4.22 229.22 24 2. 18 242. 14 472.3 2 '156.65 1185 . 87 649 . 94 1835.71 640 2 .n 
20 3. 88 14.08 7. 04 4. 22 22 9. 22 249.75 249. 11 487.08 986.54 121s . n 656 . ?4 1~7 2 .01 f,60 2. 84 
20 3.8d 14 .a 8 7.04 4.22 229.22 257.3 2 257. 28 501 . 84 1016.44 1245.1>6 662.6~ 1 '10~ .31 611~ 2.81 
20 3. 88 14.08 7.04 4.22 229.22 264.89 264. 8 4 516.60 10 46.33 1275 •. 56 669 .05 I 944. 60 700 2. 7 8 
203. 88 14.08 7.04 ~ .22 229. 2 2 272.4 5 212. 41 531.36 1 0 7 6 .23 13 05.45 6 75.4 5 1'l 80 . <>0 720 2. 7 ~ 
203.88 14.08 7.04 4.22 229.22 280.02 279. 98 546.12 1106.12 1335. 35 68 1. 8 5 2 0 I 7. 19 740 2. 73 
20 3. 88 14.08 7. 04 4.22 229.22 287.5'1 287.55 56 0 .8 8 1136.02 1365. 24 688.2 5 2053. 49 760 ?. 10 
20 3. 88 14.08 7.04 4.22 229. 22 295. 16 295. 11 5 75.64 11 65 .'1! 13'15.1 4 t-94 . 1-5 2089 .7 9 7 80 2.68 
203.88 14.1)8 7.04 4.22 229.22 302.73 302.68 590.40 ll95. R1 14 2 5. 03 7 01.05 2 126 . 09 800 2 .66 
203.88 14. 08 7. 04 4. 22 2 2 '1. 22 310.3 0 310. 25 6 05 .16 1225 .70 145 4. q 3 707.46 2 162. 3'l 8 20 2. 64 
2;)3. 88 14.08 7.04 4.22 229.22 317.86 311. a 1 619. '12 1 255 . 61) 14 84.q7 71 L86 21'18 . 68 640 2.!,2 
20 3. 88 14.08 7.04 4.22 229.2 2 325.43 325.38 634.68 128 5 .49 15 14.7 2 72 o . 2 6 2234. qq 860 2. 60 
20 3. 88 14.08 7.04 4.22 22'1.22 333.0') 332. 95 649.44 1315 .l9 1544. 61 7 21- . 66 2271. 28 81!0 2. '58 
20 3. 88 14.08 7.04 4.22 229.22 340.57 340. 51 664.20 1345.26 1 5 74.51 733.07 2307.5 7 9 0 0 2.56 
203.88 14.08 7.04 4.22 229.22 348.14 34B.08 678.96 1 37 5. 18 1604.40 73 '1 . 47 ?341.87 920 2. 55 
203.88 14.08 7.04 4. 22 229. 22 355. 70 35'5. 1>5 6'l3. 72 1405. 0 7 163 4.3 0 74 5 .87 2380.16 94 0 ;>.53 
2 03. 88 14.08 7.04 4.22 22'1.22 36 3. 27 36 3. 2 2 708. 48 1434.97 1664. 1 q 75 2 .27 24 16. 46 960 2 .5 2 
203.88 14.08 7. 04 4. 22 22'1.22 370.84 370.78 12 3. 24 1464. 86 1694.09 7 58.6 7 2452 .76 9R O 2. 50 
zo 3 .as 14.08 7.04 4. 22 229.22 378.41 H8.35 73 8.00 1 494. 76 1723.98 76 5 .07 248~ . 05 10 00 2.49 
Figure 34. (continued) 
MA CH INEH Fl XED A~ D VA;(I~BLE COS TS BY JOB - J OB = APPLYI NG ANHY DR OUS a~~ JN IA - CON v EN TI O ~AL S Y S T E~ 
CAPITAL A ~NU AL HOUS l NG I ~SUR TOTAl REP AI RS FJEL LA BOR TO TAL TO TAL TU C TOR TOTAL AC<I.E S TOTA L 
REO:uVERY TA XF S FIXE D [ "'AI NT & LUFI V AR I R F ! X&YAR I'<CR r P f~ C<I.O 
17 9 . 90 12. 42 6.21 3. 73 2 02 . 2 0 10. 08 9 .54 3 I . 20 50 . 83 253.(10 20 1.49 454,5 8 1 00 4 . 55 
17 9 . 90 12.4 2 6 . 21 3. 73 za2 . 2, 1 2 . 1 1) 11.4 5 3 7 . 4't 6:).'1'1 ?~ 3 . 2 6 204 .1 '1 4 ~ 7.4 5 P O 3.'1 0 
1 n.9o 1 2 .4 2 &. 21 3. 73 2')2 . 2& 14. 1 2 13.3 & 43. 6~ 71 . 16 273.4 7 2 06 . '10 4 9 .) ,3 2 140 3. 4 3 
1n.90 12.42 6. 2 1 3. 73 202 . 21> 1& .1 3 1 5 . 2 7 49.9? R 1. 3 2 2 R3 ,5 c; 2()9 . 6~ 4'1 3. 19 160 3. OR 
17 9.90 12.4 2 6.21 3. 73 202 . 26 18. 1 ') 17. 18 56. 1 6 91.49 293 .76 2 1 2 .31 5 0& . '1~ 1R O 2. ·'ll 
17 9 . '10 12.42 6.21 3.73 2 02 .2& 20 .17 19 .09 62.4 0 10 I . 66 303.'12 2 1 5 . 01 'i\R,'I3 200 2 . ~Q 
17 '1 .9 0 12.42 o.21 3. 73 2 J 2. 26 2 2. 1 8 2 1. 00 &8 . &4 1 1 I . B 2 3 14. 0'1 21 7.71 5 31. SJ 220 2.47 
179. 90 1 2 .42 !>.2 1 ), 73 20 2 . 26 24.20 ?.2 . 91 74.1l 8 1 2 1.'19 324. 2'i 22fl . 42 544 . 1>7 2 4() ?.77 
179.90 12.42 &.21 ). 73 212 .2& 26 . zz 24.92 ~ 1. 1 2 132.1 5 334.4 2 223 .1 2 55 7. 5 4 260 2 . 14 
17 9 .90 12.42 6 .21 3. 73 202 . 26 2 a . 2 3 26 . 13 8 7.3 6 142.32 344,5 A ?2'5. q 3 57') .41 280 2 . 04 
179.90 12.42 1>.21 3.73 .20 2 . 26 3 0 .25 2~.&3 9 3. 60 152. 4 8 3 5 4. 75 22 8. 53 583 , 2B 3'}0 1. 04 
179 .90 12.42 b. 21 3. 73 2 02 . 2 6 32.27 30.54 99 .A4 167. 65 364. 91 2 31. 23 59 6 .1 5 3?0 I. 86 
179.9 J 12,4 2 6 . 21 3. 73 20 2 . 26 34. 2 8 3 2. 45 1 06. Ofl 1 72. 82 37 5 . ()8 ;> 33.9~ ~~'I.J2 34 0 1.79 
17'1.90 12. 4 2 &.2! 3. 73 2n . z~> 36.30 34.36 112. 32 18 2.9 8 3 85 . 25 2 3 6 .64 b2 l. 8 9 31,0 I. 13 
179,9 0 12.42 b. 2l 3. 73 202.2!:> 3 8.3 2 31>. 27 118.56 193.1 5 3'15.41 239.35 63 4.71> 380 1. 6 7 
179.'1 0 12.42 6 .21 3.73 20 2 . 2 6 40.33 38. 18 124. 80 ?03 . 11 4 05. 5 A 242.05 6 4 7. 6 3 4~0 I .1>2 
179. 90 12.42 1>.21 3. 73 2')2 .2 6 42.35 4.:J.09 131. 04 2 13.48 415.74 2 44,7 6 1>60. 50 420 1. 57 
17 9 .90 12.42 6.21 3. 73 202. 26 44.3 7 42. 00 117.28 22 3. ~4 425.91 2 47,46 >,7 3. 31 440 1.S 3 
179. 90 12.42 I). 2 1 3. 73 20 2. 21> 46.3 8 4 3. '11 143.52 233.q1 4 31>. 0 7 ?5 0. 16 1>81>.24 460 1.49 
179.90 12.42 b. 21 3. 73 202 .26 4 !l .40 45 .82 14'1.76 243 .'17 446.24 252 .87 6'19.11 4 80 1. 46 
179.'1 0 12.42 6.21 3. 73 .202 . 2 6 50.42 4 7. 7 2 15 6 .00 254. 14 456.41 255 .57 711 • 98 5 00 1. 42 
,_. 
179.90 12.42 6. 2 1 3. 73 2CJ2.2o 52.4 3 49. 1>3 162.24 264, 31 46 6.57 2 5 ~. 2 A 724.85 520 1. 3 9 J:; 
179.90 12.42 b . 21 3. 73 202.26 54.45 51.54 11> 8 .48 274.4 7 476. 74 260.98 737.7 2 540 1. 37 
17 9 . '10 12.42 6 .21 3.73 202.26 s&. 41 53.45 17 4 . 7 2 2114.64 486.9 0 26 3 .1>'1 75 0 .5~ 560 1. 34 
17 9 . 9 0 12.42 1>.21 3. 73 202.21> 58.4 3 55.36 180.96 294. go 497.07 266.3'1 76 3. 46 5 80 1. 3 2 
179.90 12.42 &.21 3.13 202. 26 60. 50 57. 2 7 187.20 304.97 507. 23 269.0'1 776.33 600 1. ?Q 
17 9.90 12.42 6.21 3. 73 20 2. 21> 62.51 59. 18 1'13.44 315.13 517.4 0 271.30 78'1.20 620 1.27 
17 9 . 90 12.42 6.21 3. 73 202.21> 64.53 &1. 09 1'1'1.&8 32 5. 30 527.56 274. 50 80 2. 07 640 1-7 5 
17 9 .9 0 12.4 2 o.n 3. 73 20 2. 26 66. 55 63. ~0 205.92 335.47 537.73 217.21 814.94 61>0 1.73 
1 7 9 . 90 12.42 6.21 3. 73 20 2. 2 0 6 8 .5 6 64.'H 212.16 34 5. 6 3 547.9 0 2 79. '11 82 7. 8 1 6RO 1. 2Z 
179.90 12.42 6. 21 3. 73 2 02 . 26 70,5 8 1>1>.91 218.4J 355.1l 0 558.06 282.61 84 0 . 6fl 700 1. 20 
179.90 1 2 . -4 2 6.21 3.73 20 2. 21, 72.60 1>8. 72 2 2 4. 64 365. 96 'il>8.2 3 285.32 851.55 720 1. 19 
179.'10 12 .42 6.2! 3. 73 202.26 74.6 1 70.1>3 230.98 376. l3 578.3'1 288.02 866. 41 740 1. 1 7 
179.90 12.42 o. 21 3. 73 202.21) 71:>. 6 3 7 2. 54 217.12 386.29 58 8 .56 290.73 879. 29 71,0 1. 16 
179.90 1 2 .42 6.21 3 .73 20 2. 21> 7a. 65 74. 45 24 3. 3 6 396,46 598.72 2 9 3 .43 89?.11> 7 80 1. I 4 
179. 90 12.42 6.2! 3 . 73 202.2!> ~0 . 66 76.31> 24 q . !> 0 406. 1>2 608.89 2 '16.14 905. 02 800 I. 1 3 
179.90 12.4 2 6. 2l 3. 73 202.26 82.69 78. 2 7 2 55. 84 416.8 0 6 1'1.0 6 298.8 4 917.90 820 1. 1 2 
179.90 12.42 6.21 3. 73 .20 2. 26 84.70 so. 18 262.'18 426. 91> 6 2'1. 23 3 01 . 54 93 o. 71 840 l. 1 1 
179.90 12.4 2 6. 21 3. 73 2 02 . 26 8&.7 2 82.JQ 268.3 2 437.13 63'1. 3 '1 304.25 94 3. 64 81>0 I. 10 
l79 .90 12.42 6.21 3.73 202 . 26 88 . 74 84.00 274. 'i !, 44 7. 2 9 64 '1. 56 3 06,95 951> . s 1 8 80 1.0'1 
1 7 9. 90 12.42 &.21 3. 73 202.21> 90.7 5 85.90 2AO.AO 45 7. 46 659. 12 309.66 969.38 QOO 1. 0 8 
179.90 12.42 b. 21 3. 73 202.26 92.7 7 87.81 287.J4 467. 1>2 6& 9.89 31 2.36 98 2.25 920 1. 07 
179.90 12.42 1>.21 3. 73 20 2. 26 94. 7'1 89. 72 29 3. 2 8 4 77. 79 680.05 3!5.06 995.12 940 1.06 
179.90 12.42 1>. 21 3. 73 202.26 91>.80 91.1:>3 2'1 9. 52 487.96 690.22 317.77 1007.99 960 1. OS 
179.90 12.42 6.21 3. 73 202. 26 98.8 2 93.54 3 05. 76 49A.12 UJ O, 3'l 320. 47 102 0 .8 6 9 80 1.04 
179.90 12.42 b .21 3. 73 20 2. 26 10 0.84 95,45 31 2.00 see. 29 71 o. 5 5 32 3. 1 8 1 03 3. 73 1000 1.03 
Figure 34. (continued) 
.'UCHir~ERY FIX ED Al'jQ VAR !ABLE CO S TS 8Y JOB - JO~ = SI'RI NG TOOTrl HARROW I I<.G - COIWENT tONAL SYSfE~ 
CAl'! TAL ANNUAL HOUSING I ~SUR T CT AL REPAIRS FUEL LABOR TOTAL TOTAL TRA CTOR TOTAL ACRE S TO TAL 
R ECOVE RY TJI~ES FIXED £ MAINT £ LUB VARIB FIX£VAR INCRE I'E~ A: H 
115.79 8.00 4.00 2.40 13 o. 1 a 3. 9 5 8. 2a 15.d0 28.03 15 8 . 2 1 102.80 261.01 100 2. 61 
115.79 B.OO 4.00 2.40 l3 0 .1a 4. 74 9. 94 1 a. 96 33.63 16 3. 81 1 0 4.1 8 2&7.H 120 ? .23 
11 5. 79 a. oo 4.00 2.4" 13 0 .1q 5.53 I 1. 59 2 2.12 3'l . 2 4 11>9.4 2 10 5.5& 274. qe 140 1. w. 
115.79 a.oo 4.0() 2. 40 130. 1 8 o. 31 13.25 25.2 8 44.94 17~. 07 ! Ob .94 781. 'n 11> 0 1.7 6 
ll5.N a.oo 4.00 2.40 13 0 .1 a 7.1 0 14.90 2a.44 50.45 1 AO. 63 10 8 . 32 2 sq. 9 5 l'lO 1 • ~ l 
115. 79 a. oo '-· 00 2. 4 0 13 0 . 1 8 7.a 9 16.56 31 .60 56 .o 5 186.23 109.70 ~9 5 . 'H 200 1. 48 
115.79 a.oo 4.00 2.4') 130.19 8.6 3 18. 22 34. 76 61.66 191.84 Ill . 08 ~ oz .n 72 0 1. 3A 
115. 79 a.oo 4.00 2.4 0 1 3 J.1 S ~ .4 7 19.1!7 37.92 67. 26 197.44 11 2 .41> ~ 0 9. 90 240 1 • ., 0 
115. 79 8. 00 4. 00 2. 4 0 13 o . 1 9 10.21> 21.53 41 .OB n .a 1 203.') 5 113.a4 316.a8 21>0 1. 22 
115.79 8.00 4.00 2.40 13 0 . 18 11.05 2 3. 1a 44.24 7A. 47 2 08.65 115. 22 12 3 .a 7 280 I .1 o 
115. 79 a. oo 4.00 2.4 0 131.19 11.84 24.a4 47.40 84.08 214.2 6 116.60 330. 86 300 I. I 0 
115. 79 a.oo 4.00 2. 4 r) 1 ~ ') . 19 12. 63 26. 50 50.56 89.!>9 219.87 117 .9a 1H.I'4 3? 0 I. 06 
11 5. 79 8.00 4.0 0 2 .40 13 0 . 13 l3.42 29. 1 5 53.72 95. 29 2 2 s. 4 7 119. 36 l44. R 1 )40 I. 0 I 
115. 79 8.00 4.00 2.4 0 1 3 o. 1 ~ 14.21 29.3l 56.118 100 .9 0 231.0 8 12 0 .74 351. q I 360 0. 9A 
115. 79 e.oo 4.0 0 2.40 13'J. 1 3 15.00 ) 1. 46 60.04 10~. 50 236.6 8 172.12 359.ao 380 0 .94 
115. 79 e.oo 4.01) 2.4 ~ 130.1 q 15 .7'1 33.12 &3.20 112.10 242.2Q 12 3. 50 365.78 4 0 0 a .91 
11 5. 79 e.oo 4. 00 2. 4 0 13 o. 18 I !>.57 34.78 1>6 .)b 117.11 ?47.1J'l 124.88 372.76 420 o. 89 
115.79 8.oo 4.00 2.40 13 0 . 18 17. 36 3&. 43 69.5 2 123. 31 253.49 J26.2 o H'l.7 5 440 O.A6 
115. 79 a. oo 4.00 2.4 0 13 0 .1 ~ 19.15 3R.O'I 12 .~ a 128.'12 259.10 127.63 Jab. 71 460 C'. A4 
II 5. 79 e.oo 4.00 2.40 130. !R 1 a. 94 39. 74 75.84 134.52 2~4.70 129 .o l 39 3. 72 loBO o.~? 
II 5. 79 a.oo 4.00 2.40 130. 18 19.73 41. 40 79.()0 14 o. l3 2 7 o.' I 130. )9 400.71 500 0.80 f-1 
II 5. 79 8.00 4.00 2.4 0 130.18 20.52 41.0& 8 2.16 145.74 275.92 131.71 407. 69 520 o. 7!' 0') 
II 5. 79 a.oo 4.00 2.40 130. 18 21. 3l 44. 11 85.32 151.34 281.5? 133.15 414.68 540 o. 77 (.0 
115. 79 8.00 4.0 0 2.4J 130.18 22 .to 4&.37 88.48 156. 95 287.13 1 34. 53 421.66 5&0 0.75 
11 s. 79 a. oo 4. 00 2. 4 0 I 3 o . 1a 22.8'1 48.02 9 1.&4 162.55 292.73 135.91 4?11.65 580 o. 74 
115. H a.oo 4.0 0 2.40 130.18 21.63 49. &a 94. RO 168. 16 2 98. 3 4 137 .2'1 415.61 600 0.73 
115. 79 a. oo 4.00 2.40 130.18 24.47 51.34 97.'16 173. 1b 303.94 138.67 44 2. 6 1 620 o. 71 
115. 79 a.oo 4. 00 2.40 13 o. l 8 2 s. 25 52.'1'1 101.12 179.37 30'l.'i5 140 .OS 44'1.60 640 o. 70 
115.79 a.oo 4 .oo 2.40 130.18 2&.04 54. &5 IQ4.2a 1a4. 97 315.15 141.43 456.5 8 660 O.b9 
115. 79 a. oo 4.0 0 2.40 130.1~ 21>.83 5&.30 107.44 1'10 .58 320.71> 14?. 81 46 ). 57 680 o. b8 
115. 79 e.oo 4.00 2.40 130. ta 27. 61 57. 91> 110.60 196.1'1 326.37 144.19 470.51> 700 0.67 
115. 79 8.00 4.00 2 .40 130. 1 ~ 2a.41 59.&2 113.76 20 1. 79 331.97 145. 57 477.54 720 0.& 6 
115.79 3. 00 4.00 2. 40 13 o. Ia 2'1.20 61.27 11&.'12 207.40 :n 7. 58 146.'15 484.53 740 o. 65 
115.79 a.oo 4.00 2. 4 0 130.18 29.99 62.93 12 o. 08 213.()0 343.18 148.33 4'H .51 7&0 ').65 
115. 79 a.oo 4.0 0 2.40 130.18 30. 7a &4.58 123.24 218. &0 348. 79 149.71 4913.49 71l0 :1.64 
115. 79 e.oo 4. 00 2. 40 13 O. I R 31.57 bb. 24 126.40 224.21 354.3'1 151 .09 iO 5. 4a 800 o. 63 
115.79 8.00 4.0 0 2.40 130.18 32.3& 67. 90 129. 56 22 9. 81 359.99 152.47 512.41> 820 0.62 
11 o;. 79 a. oo 4.0 0 2.4 0 13 1) .1 8 33.15 69.55 132.12 235.42 3&5. bn 153.85 519. 45 840 o. b2 
115. 79 a.oo 4.00 2.40 130. 18 3 3. 94 11.21 135.a8 241 • 02 371 .20 155.23 52&.43 860 0.61 
11 5. 79 a.oo 4.00 2.40 130. Ia 34.13 72.86 139.04 246.63 376.81 156. b I 533.42 880 0.1>1 
II 5. 79 8. 00 4.00 2.40 13').18 35.52 74.52 142.20 25 2. 24 382.42 157.99 540. 41 900 o. 60 
115.79 e.oo 4.00 2.40 13 0. 18 36.31 7&. 1a 145.36 257.a4 388.02 159.37 547.39 920 0.59 
115. 79 a.oo 4.00 2.40 130.1a 37.10 77.83 148.52 263.it5 3'13. 63 160. 75 554.311 940 a. 59 
ll 5. 79 a. oo 4. 00 2. 40 13 o. 1 a 37 .as 79.49 15 1 .&a 2&9.05 399.23 162.13 561.36 q6o o. 58 
115.79 a.oo 4.00 2.40 130.18 38.67 81. 14 154. 84 274. &6 404.84 1&3.51 5&8.34 9aO o.sa 
115. 79 a. oo 4.00 2.40 130.18 39.4& sz.ao 15"8.00 280.26 410.lt4 1 1>4. 89 575. 31 1000 o. 58 
Figure 34 . (continued) 
MACHI,.,ERY FIXED AN D VARIABlE COSTS BY J ni3 - JOB =!>LANTING- :ON VENTI ONAL SY S TE"' 
C ~PITAL ANNUAL HOUSING I 'lSUR TOUL RE i>AI RS FUEL lABOR TOTAL TOTAL TRACT OR TOTAL ACR ES TJ TA c 
REC OV ~RY T M ES FIXED £ 'lA I NT £ l UB VARI B FIX&VAR I NCRE P EP ACP F 
3 33. 16 2 3 .o 1 11.50 6. '10 37 4. 58 30.'17 B. 05 31.00 76. 02 45 0 .6 0 238 .5 0 &89 .I :J 100 &.89 
333 . 16 2 ). 0 1 11.50 6.'10 374.5 ~ 37. 17 '1.&& 44.40 9 I. 23 4&5. 8 1 ?41.70 707 .51 1 20 '; . 91) 
33 3. 16 2 3. 0 1 11. 50 6. '10 374.58 43. 3 7 ll.27 5 1.~ 0 106 .4 4 49I.n 244 .'10 725.92 140 5 . 19 
113.1& 2 3 .a 1 11.50 6.'10 374.58 4'1.55 12. Bll 59.2 0 121. 63 49&.22 ?48.L Q 744.31 1&0 4.&5 
3 33. 16 23.01 11.50 6.90 H4.5a 55.75 14.49 66.60 136. 34 511.4 3 25 I. 30 76 2 . 73 1 80 4. 24 
333.1& 2 3 .o 1 11.50 6.90 3 7 4. 5 8 b1. 95 16. 10 74. 00 15 2 . :15 52~ .64 2 54.50 n t.14 200 ~- q 1 
333.16 23.01 11.50 6.90 37 4. 5/l b8. 15 17.71 111.4 0 167.2& 54l.AS 257.71) 799.55 220 3. t>3 
H3.t& 2 3. 01 11.50 b.90 374.58 74.34 19.32 B.BO 18 2. 4() 55 7.0 4 2b0. " A 17. '14 240 3. 41 
333.l b 23 .o 1 11.50 6. 9 0 3 74. 58 80. 54 2 0.93 9&. 20 197. '> 7 5 72. 2~ ?64.10 8 36.1 5 260 3. 22 
333.16 23.01 11.50 6.9 0 374 . 58 36.14 22.54 103.60 212. ~ 8 5A7.4f, 26 7. 30 ~54.77 2~0 3. 05 
3 33. 16 2 3. 0 l 11. s o 6. 90 374. 58 92 . 92 24.15 111. 00 ne.o1 6 0 2 .65 270.51 873.16 300 2. q 1 
3J 3.16 23 .at 11.50 6.90 374. 511 99. 12 25. 7b 118. 4 0 2 43.2 8 61 7. 8 7 ?73 .1! 991 .57 3 20 2.79 
3 3 3. 16 23. 01 11.50 6. 90 37 4 . 5g 10 5. 32 27.3 7 125.80 258.49 6 3 3.1A 2 1b. q l 'II) 'I. '19 340 2 . 68 
333.16 23.0 l 11.50 6.9 0 374. Sf! Ill. 51 2 a. 98 113.2 0 273. ~9 t48 .27 280.11 '1 2S .J e 3~0 7 . 5~ 
333.16 23.01 ll .50 6.90 37 4. 5 8 117.71 30. 59 140. b O 288.'10 663.48 283.31 946.79 3 80 ? .4 '1 
333. 16 2 3. 01 11.50 6.9 0 374.58 123.'11 32.20 14A. OO 304.11 678.b'l 28b.51 9 b5. 20 4 00 2.41 
333.lb 2 3 .o l 11.50 b. 90 3 7 4. 5 8 130. 09 33. 81 155.40 319.3 0 b'l3.88 2R9.7l 'IA3.59 420 ?.34 
333.16 .2 3 .o l 11 .s o 6.'10 374.58 136.29 l5.42 16 2.80 334.51 709. 0'1 2'12 . 9l 1 002 .01 44 0 2 . 2 ~ 
333. 16 23.0 l 11. 50 6. 90 374.58 142.49 37.03 17 0. 20 349. 7 2 7 2 4.3 0 29b .ll 102 0 .4 2 460 2. 2 2 
333.16 21 .a 1 11.50 6.90 374.58 \4d.o A 38.b4 177.60 364. '12 73'1.50 799.3\ 1olq.a1 4 80 2. t o 
3 33. 16 2 3. 01 Lt.50 6.90 314.58 154.88 40.25 185.00 380. I 3 754. 71 302.51 1057.22 500 2. II 
333.16 23.0 I 11. 50 6.90 374.5~ 161. 0'1 41.% 192.40 3'15.34 H-9.'17 305.72 1075.63 52 0 2. 07 f-1 
-J !33.16 2 3. 0 l 11.50 6.'10 374.58 16 7. 2 8 43. 47 199. 8 0 41 o. ~5 785.1 3 ~03.92 1094.() 5 5 1+0 2. 0 3 0 333. 16 23.0 l 11.50 6.90 374.58 17 3. 46 45.()q 207.20 425.74 800.32 312. 12 l \ 12 . 44 560 I. qq 
333.16 23.01 11.50 6.90 374. 58 l 7'1. 66 46.6'1 214.60 44 0 . 9 ~ A15.53 3 15.32 1130 .85 590 1. q 5 
333.1 6 2 3 .o 1 11.50 b.'IO 374.511 18 5. 86 48.30 222.00 456. 16 830.74 ~ l A. 52 114 9 .76 6 00 1.'12 
3 33. 16 23.01 11.50 6.9 0 374.58 1'12.05 49.91 229.40 41!. 36 8 45.'14 3 2 1.72 \II> 7. 6 6 620 t.A B 
333.16 23.0 1 11.50 6.90 314. 58 I 'IS. 25 51. 52 236.80 48 6 .57 A'> 1.15 ~ 2 4.92 l!%. 0 7 640 1.85 
133.16 23.01 11.50 6.9 0 374.58 204.45 53. 13 24 4. 20 SO!. 7A R 7h. 36 3 2 R. 1 2 l 2 <)4.4A 66 0 1. A 2 
333.16 23.0 l 11.50 b. '10 374.58 210.63 54.74 251.60 5U\. 'H 891.55 ~31.32 1272.A 8 680 1. 80 
133.16 23.0 l 11.50 6.'1 0 314.58 216.83 56. 35 25'1. 00 532.18 '106.7 6 1)4.5 2 1241.2-1 7 00 t. 77 
3 33. 16 2 3. 0 l 11.50 6.9 0 374.5 8 223.03 57 .'16 2bb. 40 547.39 921.97 3 31. 72 1 25'1 .70 17 0 I. 75 
333.16 2 3. 01 -11.50 6.'10 314.5q 22'1.22 5'1. 57 213.80 Sb2.59 '137.17 34 0 .'12 l2B.O'l 740 1. 73 
333.lb 2 3 .o l 11.50 6.90 314.58 235.42 b I. 18 281. 20 577. 80 952.38 344. 13 l21b.5 0 7!> 0 l. 7l 
333. 16 2 3. 0 l 11.50 6.9 0 374.5 8 241.6 2 62. 7'1 288 .1> 0 5'1 3. 0 \ '167.59 347.l3 1314.9 2 78 0 I. 6'1 
333.16 23.01 11.50 b. 90 3 7 4. 58 247.80 64.40 2 96.00 6 oe . 20 982.7 8 350.53 1 l33. 3 1 BO O 1.67 
333.16 2 3 .a 1 11.5 0 6.9 0 314.58 254.0 0 66.01 303.40 623.41 '1'17. qq 353. n _j5 1.7 2 820 1. 1>5 
333.16 23.01 II. 50 6. 90 314.5 8 2&0.20 &7.!> 2 31 0 . 80 1>3~.1>2 \013.2 0 356.'13 1370.13 840 !. 6 3 
3 33. 16 23.0 l 11.50 6.'10 37 4. 58 266.39 69.23 318.2() 6 53.81 1028.4 0 36 0 .13 l3B8.5l 860 1.1>1 
333.16 ZJ.Ol 11.50 6.'10 374.5/l 272~59 70.~4 325.60 669. 03 1043.61 363. 3l 1406. '14 Rqo I. SO 
333.16 23.01 ll. 50 b. 90 374. 58 278.79 72.45 3 33 .o:J 684.24 1058.8 2 366.53 \425.35 '1 00 1. 58 
3 33 .to 23 .o 1 11.50 6.90 314.58 284.99 74. 06 340.40 699.45 1074.03 36'1. 13 144 3. 7& '120 !.57 
33 3. 16 23.01 11.50 b.'IO 314.58 291.17 75.67 34 7. 80 7!4.64 1089.22 372.93 1462. to '140 !. 56 
3 33. 16 23 .o l 11.50 6.90 37 4. 58 2'17. 37 71.28 3 55 .2 0 729.85 1104.43 31 6 .14 1480.57 <ji,Q 1.54 
333.1 b 23.01 11.50 6.'10 374.58 303.57 78. 89 362.60 745. 06 ll \ '1. 64 379. 34 1498.98 9 80 1.53 
33 3. 16 2 3. 01 !l. 50 6.90 314.58 309.75 80.50 370.00 760.2 5 1134.84 38 2 . 54 1517.37 1000 t. 52 
Figure 34. (continued) 
~ACHI '<E«Y FIXED AND VA ~ IA d L E COS TS dY J O 'l - J O'l : FI RS T £ 5((11100 I S•invH I CUl TIVATI ONS- CONVF NTI ONAL SY S TF"' 
CAP ITAl ~NNU AL HOUS IN C I NSUR TO TAL i<F?A l ~ S F IJEL LA B<J O TOT AI T CT AL T RACT OR r o rAL AC RFS !) TAL 
R~COVERY r AXES F IXE Q c .., A ~ ~ r '. L IJf\ V~ i< l ~ r I H VAP I NCRE P ER ACRf 
l3 8 .7 5 9 .5 8 4.79 2 . a 1 151>. 00 I I . 47 I 1. 3 I 3 ~ . 40 6 0 . 68 2 1 b . ':>P 24B . Q'l 464.77 100 4.65 
lB. 75 9. 59 4.n 2 .H IS&. Q0 13. 7 ':> 11. q 7 4':>.Q S 17 . B 2 228 . R I 75 1.4 2 <dO. 74 1 7 0 4. O'l 
138.75 9.58 4.7"1 2. a 1 I So. 0 <) I 1> . 0'> 1 , • 1 3 53.7 1> R4. 1 ~ 240 . 9'> ?5 4.75 4'1 5 . 10 14 0 3.54 
138. 75 q .59 4.71 2 . d 7 151,. 1)() t-\. 3 ') l 7. 30 61. 4 1t 97 . 1)9 2 5 1. 09 7 5°. I)~ 511.1 7 16 0 l. 1 9 
lB. 75 'l. sa 4. 7 9 2 . 8 7 15 6 . 00 2 ,). '>'> 1 I. '• b ~ 9.17 1:19 .n ?1, 5 . 23 26 1.41 570.64 18 0 7 . 93 
116.75 'L58 4. 79 2. 87 15'>. 00 2 2. q t, 2 1. '>?. 76. ~ a 121. 36 717 .lb ? 6 4.74 54 2 .1 1 ;>n o 2. 71 
l 33 . 75 9. 58 4.79 2. 8 7 15~.1)') 2 5 . 24 2 3. 7 ~ R4.4 ~ 133.5 1) 2~'< . 5 0 268 . ()1 55 7. 57 2?0 7. 53 
138.75 9. 56 4. 7 9 2 . 8 7 15 '> . 00 77.51 25.94 '12 .1 1, 14 s · " 3 3J I • I> 3 2 71 ,4(1 573.03 ?40 2. 39 
!3d. 75 9.5 8 4.7"1 2 . a 7 15'> . 01 2 I. b 3 2 3. I 1 CJ'l . ~4 15 7. 71 3 1 3. 17 7 7<. 73 5 q3 . s~ 260 2 .21, 
136. 75 'l. 58 4.79 2.H 1 <;6 .0 1) 32 . I? 31 .27 I 'l 7. S2 I~ CJ · " I 37 " · Q(' 27 P . Oo 1> 03 . 9':> 21l0 2 . 1 6 
138 . 75 9.5il 4.79 2. 8 7 15 6. 'JO )4. 41 l ? . 4 3 II 5 . 20 I A? , ()4 3 3P . 'l'• ?P l. )CJ "19.41 3110 ?.o-. 
13 8 . 75 9.5~ 4.79 z . a 1 151>. 01) 36 . 71 3<.5~ l22. il8 1'1 4. 1R 3 sr . 1 P 2A 4.72 ~}4 . ~~ 32 0 I. 98 
I 3 8. 75 'l. 58 4. 7 <) 2. 8 7 15 o . OJ 3 ~ . 0) 3~ .1S 11 0 . 56 106 . 31 367 . II 7 R8 . 0 5 '>5 ·1. 1 6 340 I. 'll 
13L 75 9.'ill 4. 7'1 2. ~ 1 156. J (l 4 1. 2 'l 3 ~ . ll I 3 3 . ?.4 ?1 8 . 45 3 74 . 4'; ? 91 • ~~ 6~5 . R2 3 6;1 I. 8 S 
D a . 75 9.58 4.79 2.37 15~. 11'1 4 3.5'1 41 • .) ~ 145. 92 73(\ . 59 386 . ?<:; 2CJ4. 71 ~~!. ?'< 3 ~ 0 l. 7'l 
1 38. 75 'l . sa 4. 79 2. 87 156. 00 45,q 3 '• 3 .? 1t 15 3. '>'l 24 7 . I? 3 9 A. 7 2 ?98 . 0 4 '><l6 .7 6 4[)0 I. 74 
138.75 9,58 4. 7"1 2.67 156.'11) 4~. I ':l 45. 4') I f> I. ?.~ 154. 86 'd 0 . At. ' 0 1.31 11 2 .22 420 1.70 
138. 75 c:; . 58 4.7~ 2.d7 15'>.00 5 ) .47 47.5 6 1 '>8 . "I• 2~6.<>'1 47?.9 <:; 1 0 4. 71) 7 21. l>'l 440 I. 6'i 
136. 75 q .58 4.79 2 . 67 15!>. 00 52. 11 4'1, 13 17 6 . b'• 219 .1 3 1.)5 . 13 ' 0 H , (\ 3 74 3. 1& 460 1. "'2 
138. 75 9 .5 8 4 .1Q 2 .87 1'i6.00 5 5 . Cl> SI . H 1 R4 .32 291.27 4 4 7. 2 1> 'I 1. 35 7<; ~. 62 4 ~0 I • 58 
139. 7 5 9 .5 8 4.79 2.fl7 151>.0 0 57.36 5 '. . •)5 I q 2 .1J 30 1. 1• I 450.' .. 0 314. 69 774. 09 "i ()I) 1. 55 
133.75 CJ .5 8 4.79 2 . 87 156.() 0 5 ~. 6 5 5'>. 2 1 19'<. 6'1 3 1 5 .S 4 47 I. 'i4 '1 A .0 I 789.55 52~ 1. c; 2 """" ....::J 1 3 6. 75 9 .5 8 4. 79 2.~7 15'>.00 61 .CJ4 5 q . 17 2n 1. lo 32 7. 1>8 '• 83 . bP 321. 34 805 . 02 540 I .4CJ 
"""" 13 a. 75 9.58 4. 79 2. 6 7 15 6.00 64.21 .':>) . 54 215.04 33'1 . a 1 4 95 . ~ 1 124.67 ~20.48 560 1. 4 7 
138.75 9.58 4,7CJ 2.87 156.00 66 . 53 ~2 . 10 .!.U.P lSI. 95 5 07 . 4'> 328.00 ~35.95 580 1. 44 
1 3 a. 75 'l. 58 4. 79 2 . q1 156.0 :1 61. " 2 ~'·. 36 ?3 <1.40 31> 1•.'l A 52 0 , ')P 131.33 ~51. 41 1'.> 00 1. 42 
133. 1 s 9. sa 4.79 2 . 87 156. 00 71. I ? '> 7. 02 2.lq . 'B H,.. n 53 2 . 12 334 . 66 %6.88 620 1. 40 
138.75 9 .58 4.79 z .a 1 156. 0 11 1 3 . 41 69 . 1 8 245. 76 18 ~ - 3 5 54 4.3'5 '37. 99 ~112.34 64 0 1.38 
138. 75 9. 58 4.79 2.97 l~o. OO 7 5 .7 I 11.35 2 ~ 3 . 44 400.49 5'56 . 4'1 ~41. '2 89 7. 81 660 1. 36 
138.75 9.58 4. 7'l 2.87 156. 00 7:3. 01) 13. 5 1 h l.1 ? 1.1 7 .. ~ 3 5 '>8. 62 )4 4 .~5 'l I 3. 28 630 1. 34 
13 8. 75 CJ.5 8 4. 79 2 . 8 7 156. 0') 80 .3 0 15. b 1 ?6 8 . 30 424. 77 5 80 . 76 347.98 CJ2 9. 15 700 I. 33 
133.75 CJ.58 4. 7CJ 2. 81 1S6.0 Cl 8?. . 5'1 77.H 2 1 6 . 43 436.9 () 5 92.91) 351 .31 944.21 7l0 1. 3 I 
138.75 9.58 4.79 2.87 156. 0 0 64 . 83 79.H 2!l4 .l '> 44'1 . 1)4 6~ 5. 04 354 . 64 959.!>6 74 0 l. 30 
lB. 75 9.58 4.7CJ z .a 1 156.00 8 7.1 8 82. I o 2"11. 34 461. 17 b 1 7. 1 1 357.97 '?75.14 760 I. 2 A 
138.75 9.58 4. 79 2. 87 1 51.>.00 6<1 .47 84 .1 2 2'19.52 '• 7 3. 31 f 2 q . 31 161.30 9"10.61 780 I. 27 
138.75 9,58 4.79 2.87 156.00 91. 76 86. 4 6 301.20 485. 4'· 641 • 4 4 }64 . 6 3 100 6 .07 800 1. 26 
138. 75 'l. 58 4. 79 2.87 156.00 ~4. 01) q ~ .o4 31 4 . 11~ 497.5 11 653.~8 36 7. 96 · , 21. ~4 870 I. 2 5 
138.75 9,58 4.79 2.87 156.0 0 91>. 3'; '10. 30 3?2. 56 ';09.17 1-1>5.71 3 71.29 1037.00 840 1. 2 3 
l3 a. 75 9.58 4.79 2 .a 1 156.00 'ld . 65 92. '11 3) 0 . 2'• 5 2 1. 8 5 h77 . 85 374.62 I 0 52.4 7 860 1.22 
13 8 . 7S 9.58 4.79 2.H 156.0 0 100 .9 4 '15.13 337 .1? 533.99 oA9.CJ'l 377. 95 101>7.93 A'lO 1. 21 
138.75 9,58 4.79 2.87 I So. 00 I 03. 24 97.29 )4 'i,60 ~4 6 . 13 10 7. 12 '81 . 28 l'l83.4) 900 I. 20 
l3 8. 75 9,58 4.79 2 .a 1 156.00 105. 5 3 '1'1.45 3S3.29 s5 a. 2o 714. 26 3 84. 61 I O'l~. 80 920 1. I 'l 
138. 75 9. 58 4.79 2. 8 7 156.00 l07. 8 l 101 .61 360.9~ s 10 . 40 726.40 38 7. 'l4 1114.33 940 1. I 'l 
138.75 9.58 4.79 2.87 156 .00 11 0. 12 10 3. 78 368. 6'· 5R?. S 3 73 8. 53 391 .27 11 2 9.80 960 1. 18 
138. 7 5 9. 58 4. 79 2.87 156.00 112.41 105 . 9'• 376.37 594.67 750.6 7 394. 60 1145.27 980 I. I 7 
138.75 9.58 4. 79 2. 8 7 156.00 114.70 10~. 10 3R4. 00 o06.RO 762. 60 397.93 1160.73 1000 1. lb 
Figure 34. (continued) 
~ACH( ~E~ Y Fl XED A.ND VA-RIABLE COSTS BY JOB - JOB = APPL 't I~G ANHYI)lOUS AMM0"41A - STRIP-TILL SYSTEM 
CAPITAL AN~AL HOJS I~G !~SUR TOTAL REPAIRS FUEL LABOR TO TAL TOTAL TRACTOR TOTAL ACRES TOTAl 
RECOVERY TAXES FIX ED & MAINT f. LlJ B VAR !B FIX&VA~ I ~CRE PER ACRf 
1 1 9. 90 12.'<2 6.21 3. 73 202.26 12 .oo 9.11 35.00 56. 77 25'1. 04 120. e o 57 9. 84 100 5.80 
179.9 0 12.42 6. 21 3. 73 2 ')2. 2 6 14.<t0 11.73 42 . :>:> 68.13 270.40 323.84 5'1 4. 23 120 4. '15 
179.90 12.42 6.21 3.13 20 2. 26 16.80 13.68 49.00 79.48 281.75 32 6. 88 6 08.6 3 140 4.15 
179. 90 12.42 6.21 3. 73 202.21> 19.20 15.64 56.00 '10.84 29 3. 10 3 29. 9 I 62 ~- 02 160 3. 99 
17'1.90 12.42 6. 21 3. 13 20 2. 26 21.60 l 7. 59 63.00 102.19 )')4.41.> 3 32.95 6H.41 18 0 3. 54 
I 7'l. 90 12.<t2 1>.21 3.13 20 2. 26 24.00 19.55 10.00 113.55 315.8 I 335. '1'1 651.80 200 3.26 
I 79.90 12 . 42 6. 21 3. 73 20 2 . 2 6 26.'+0 Zl.50 77.00 124.'10 327.17 33'1. OJ 666.20 220 3. 03 
1 n.•o 12.42 6.21 3. 73 202. 26 za. so 23.46 84.00 136.26 338.52 H2.07 680 .5~ 24') 7..84 
17'1.90 12.42 6.21 3.13 202.26 31.19 25.41 91.00 14 7. 61 34'1. 8 7 345. 10 6'14. 98 260 2. 6 7 
17'1.'10 12.42 6. 21 3. 13 202.21> 31.60 27.17 98.00 158.'17 361.23 348.14 70'1.38 280 2. 51 
17'1.90 12.42 6.21 3. 73 202.26 36.00 29. 12 105. 00 1 70. 32 372. 59 351.18 72 3.77 3')0 2.41 
17<1. 90 12.42 6.21 3.13 202.26 3i1.39 31.28 112.00 181.67 383.'14 354.22 73~. 16 320 2. 31 
179.90 12.41 6.21 3. 73 202.26 4 o. 79 33.23 119 .oo 1'13.03 3'l5 .29 3 57. 26 79.55 340 2. 21 
17'1.90 12.42 b .21 3.13 20 2. 26 43. 20 35. 19 12 6. 00 2 04. )'I 4 06.65 36 0 .3 0 761>.95 360 2.13 
I 79. 90 12.42 6.21 3. 73 202.26 45.60 H.14 133 .oo 215.74 418.01 363. 33 781.34 380 2. 06 
179.90 12.42 6.21 3. 13 20 2. 2 6 47. 99 l'l. 10 14 0. 00 Z2 7.09 429.36 366.37 795.13 400 1.9'1 
179.90 12.42 6.21 3. 73 20 2. 26 50.40 41.05 147.00 238.45 440. 72 36 '1. 41 81 o. 1 3 420 1.91 
17'1.90 12.42 b. 21 J. 13 202.21> 52.80 43.01 154 .:>0 249.81 452.07 312.45 824.52 440 1. 87 
17'1.90 12.42 6.21 3. 13 202.26 5 5.19 44.96 16 1. 00 261.16 463.42 375.49 8 3d .91 460 1. 8 2 
179.90 12.42 6.21 3. 73 202 .26 57.59 46 . '12 16 B. 00 212.51 414. 78 318. 53 RS 3. 3 0 4qo I. 78 
1N.90 12.42 6. 21 3. 13 2 02. 2 6 1>0. 00 48.87 175.00 283.87 466.14 381.56 867.70 500 t. 74 ...... 
179.90 12.42 6.21 3. 73 20 2. 26 62.39 so. 83 18 2. 00 295.22 4'17.49 ~84.60 Rl\2.01 52:> 1. 70 -::] 
179. 90 12.42 1>.21 3.73 2'J2.26 64. 7'1 52.78 189.00 306.58 508.84 387. 64 896. 48 540 1. ()6 tv 
17~.'10 12.42 6.21 3.13 20 2. 2 6 67. 19 54. 74 1'16.00 H 7.93 5?0.20 3'10.68 910.1l7 560 1. 6 3 
179.90 12.42 0.21 3. 73 20 2. 26 69.60 56.69 203.00 32'1.29 5 31. 56 3'13. 72 '125.27 560 1. !>0 
I 79. 90 12.42 6.21 3. 7l 202.26 71 .'19 58.65 210.00 340.64 542.'11 ''16. 76 9 3'1. 66 600 1. 57 
179 .'10 12.42 6.21 3. 73 20 2. 26 14.39 60.60 217.00 352.00 554.21- 3'19.79 954.06 620 1.54 
179.90 12.42 1>.21 3.13 202.26 76.79 62.56 224.00 363. 35 56 5. 61 402.83 96q.45 640 1.51 
179.90 12.42 b. 21 3. 13 2 02. 2 6 79.19 64.51 2 Jl.OO 374.11 576.'17 405.87 '182.85 660 1. 49 
17'1.90 12.42 6.21 3.73 202.26 81. 59 66. 47 2 3 8. 00 386. 06 5 88.33 408.91 '1'17.24 680 1.47 
179.90 12.42 6.21 3.73 202.26 83.99 68.42 245.00 397.42 5'1'1.68 411.95 1011.63 700 I . 45 
179.'10 12.42 6.21 3. 73 202.26 86.39 10.38 252.00 408.11 611.f'l3 414.9'1 1026.02 720 1. 4 3 
1 79.90 12.42 6.21 3.73 20 2. 26 88.79 72. 33 259. 00 420. 13 622.3'1 418.02 10 40.42 740 I. 41 
I 7 9. '10 12.42 1>.21 3. 13 202.2!> 91.1<J 74.2<J 21>6.00 431.48 613.75 421.06 1054.61 760 t. 1'1 
179.90 12.42 6.21 3. 73 20 2. 26 '13. 59 76.24 21).00 442.83 645.10 424.10 106<J.2() 780 I. 37 
179 .~\l 12.42 6.21 3.73 20 2. 26 95.9<J 78.20 280.00 454. 19 656. 46 427. 14 1083.60 BOO 1 • 3 s 
1 79.9 0 12. 4 2 6. 21 3. 73 2 02.26 98.39 80.15 287.00 465.55 66 7. 9 1 430. 18 1097.99 82 0 1. 14 
179.<} 0 12.42 6.21 3. 13 202.26 100.79 82. ll 2'1 4. 00 476. 90 679.16 433.21 1112.38 840 I. 3 2 
l 79 .9 0 12.42 6.21 3.13 2J2.21> 1::13.19 8lt.06 30 1. 00 488.25 690. 52 436.25 1ll6. 77 860 1. 31 
I 79. '10 12.42 6. 21 3.13 202.26 105.5'1 86.02 308.00 499.61 701.88 439.2<J 1141. 17 890 1. 3 0 
1n.'lo 12.42 6.21 3.13 20 2. 26 107.'19 87. 97 315.00 5 L o. 97 113.23 442.33 1 I 55.5 6 90 0 1.28 
I 79. 90 12.42 6.21 3. 73 202.26 110.39 89.93 322.00 522.32 724.58 445. 31 1169.95 '120 1. 27 
179.90 12.42 6.21 3. 73 202. 26 ll2. 79 91. 88 32'1.00 H3.67 13 s .'14 448.41 1184.)4 '140 1.26 
17'1.90 12 .42 6.21 3.73 212.26 115. 19 '13.84 336.00 545. 03 747. 30 451.45 1198.74 960 1.25 
17'1.90 12.42 6.21 3. 73 20 2. 26 ll7.S'l 95. 7<J 34 3 .JO 556.38 758.65 454. 48 1213.13 980 1.24 
179.90 12.42 6.21 3. 73 20 2. 26 11 9. 99 97. 75 350.00 56 7. 74 770.00 457.52 1227.52 10)1 1.23 
Figure 35. Machinery costs - strip till system 
MACHINERY FI XE D AND VARIABLE COSTS BY J OB - J 08 = STRIP-Till-PlANTING ~ FIRST ! RO TA RY S T~ IP I CU LTI VUT'lt-, - STRIP - TILL 5 V ~ I F " 
CAP! TAL ANNUAl HOUS lNG I t-.SUR T o r AL REPAIRS FUEL LABOR TO TAL TO TAL HAC TOR TOTAL ACRr S Tr. T Al 
~ECJVE~Y TA XES F I ~f'J ~ '1APH & LUB V AR I P. FIX~VAP I'I CR E p o~ A: ~c 
7 24 . 1>4 so. 05 25.02 15. 0 1 814 .7 2 144. 90 35.'<2 96 . 00 27 b. 3 2 109 1.0 5 8 79. 18 197 0 . 22 1 00 l 9 . 7 0 
724 . o 4 s o . a~ 25 . 02 15. 0 l .~ I 4. 7 2 I 73. 9 0 42. 50 ll ~ .2 0 Hl.bO 1141>.3 2 A8 7. 50 2033.~3 1 20 I 0 . 95 
724 .64 50.05 25 . o 2 1 5 . a l R14.72 202.8~ 49.59 134.40 3116. 98 1 20 1. bO 895.83 2rJ'P . 43 14 :) l'o. 'l~ 
7 24.1>4 5 0 .05 25. 02 1 5 . 0 1 6 14. 7 2 2 3l. B5 5~ . 1> 7 1 5 3.1> 0 442.1 2 175b.64 904.1 b 2 1'> 1. 00 1 ~ 0 13 . 51 
7 24 . 1> 4 50 . 0 5 25.02 15. 0 1 8 1 4. 7 2 2!> '). 8 4 6 3. 1b I 72. 8 0 497.4 0 1312.1 2 9 1 2. 4 9. 2 2 2 4 • 6) 1 ~J 17.31> 
124 . o 4 50.05 25.02 15. 0 1 q 14.7 2 21'1'1 .A 3 70.94 192.00 552. 6 7 1367.40 no. q t 2ZA~ . 20 zoo Lt. 44 
724.64 50.05 25.02 15. 01 d14. 72 31 3 . 80 n.n 2 I I .20 607.92 l'-l2.b4 929. 13 2151.7 8 220 10 . 1>9 
724.i>4 5 0 .05 25.02 15 .o l o l4. 12 347. n 85. 0 I 230.40 663.2 0 1477.92 9)7. 4 6 24 15.3 6 z• o 11. 01> 
7 24 .1>4 5 0 .0 5 25.0 2 15. 01 314.72 31!> .1 q 92 . () 9 249.b0 719.47 1533.20 945.79 24 7 R. 99 260 9. 53 
724. b4 5 0 .05 25. 02 l 5. 0 l 914. 7 2 4 05 . 74 99. l 8 2oB.80 773.72 15A~.44 954.12 2542 . 5b 2qo 9. 0A 
724 . 1> 4 50 . 05 25. 02 15 . o l 8 14. 72 4 34.74 10b.2b 288.00 829.00 lb43.72 9b2.44 26%.16 300 A.6'l 
7 2«. b 4 so. 05 25 . 07 15. 0 l 8 1 4. 72 46 3 . 73 113 .l4 3()7 .20 1!84.27 169'1. n o '17 0 . 11 26h'l.77 320 ~ - 34 
724 . 1:>4 5) . 0 5 25 . 02 15. 0 1 9 14. 7 2 4'1 2 . 69 120. '<3 326.40 93'1.52 1754. 2 4 97'1.1 0 2733.34 34 0 9.04 
724 . 6 4 50 . 05 25. 02 1 5 . 0 1 8 14.72 52 l. o'l 12 7. 51 345.1>0 994.':10 \809.52 987. 4 2 2 7 9 ~. 94 36 1 1.71 
7 24 .'>4 so . c~ 25 .0 2 15. 0 1 8 14. 7 2 550.63 134.1>0 364.80 1050.07 U!b4.qQ 905.75 2860 .55 B O 1. S3 
7 2,. . 1>4 SJ . 05 25 . C2 LS. O l ~ 14.72 579.64 141. 6il 384.00 llOS.32 1920.04 1 004 . 08 2924 .1 2 41) 7.31 
724.64 so. 0 '> 2s . a2 15. 0 1 8 14.72 603. 6 3 148.76 403.20 llb0.60 1975.3 2 1012.41 79H. 13 42 0 1. I l 
724 . 64 5) . 0~ 2S . O?. lS. Ol a 14.12 63 7. 63 155. 85 422.40 121~.':17 2030.1> 0 10 ? 0 .73 30~1.33 ~4 0 b .'l3 
7?.4 . t>4 5J . 05 2'> . 02 15 . o I ol4.72 66 o .59 lb2. '13 441.6 0 1271.12 2085 .84 1029 . 06 3ll4.'10 4 60 '>.11 
' 2' .. o 4 5 0 . 05 25.02 15. 0 1 ~ 14.71 6'15.58 170.02 460.8:) 1326.40 ?141.12 1037.39 317 8.51 490 b. 1,7 
T.?-1- . ':l4 5J . 0 5 2 5 .a 2 15. 0 I 8 1 4. 7 2 7 2 4. 57 177.10 430. 00 1381.b7 2196.40 104 5 .71 3242.10 510 6.48 f.-' 72t.. . o4 50 . 05 25 . 02 15.01 8 14.72 7S3.53 184.18 499.2 0 1436.92 225 1.1>4 I 0 54. 04 H 05 .6 3 520 S.36 -.l 
1 24. 1>4 5 ) . 05 25 . 02 1 5 . 01 8 14. 72 782 .53 191.27 518.40 1492.20 2306.92 1062 .36 33!>9. 2 8 540 b. 24 C.v 
724 , n4 SJ . 'J ~ 25 . ()2 1S. Ol 3 14.72 811.5 2 I 98. lS S37.60 1547.47 2 362.19 1 0 7 0 .1>9 3412.!11! Si>O 6 . I 3 
12 '•· "' 4 50 . 0 5 2 5 .02 15.01 8 14.7 2 84J.43 20 5. 44 556.80 lb02.72 2417.44 1079.02 34 96.46 s "'o b. 0~ 
7?4.1>4 50 . OS 25. 02 15. 0 1 8 1 4. 72 81> 'l . 47 212. 52 576.00 11>57.'19 2472.72 10117.34 3~~ 0 .0 6 60 0 5. 93 
724 . ~ 4 s'J . as 25 . 02 15 . o 1 a 14.12 B9!l. 47 219. 1>0 595.20 1713.27 2 527.99 1095 .67 3623.1>7 62:) 5.94 
724 .64 s o . 0 ~ 2 '>. 0 2 15. 0 1 9 14.72 927.43 226.69 614.40 176B.57 2 583.24 11 04. 00 3oA7.24 640 s. 1b 
724.1:>4 5J.05 25.02 1 5. 0 l 8 14. 72 q 56. 4 2 233.71 633.60 11123.79 21>38.52 1112.32 H5 0 .~4 660 5~68 
724.64 5 0 . 0 5 25 . o 2 IS . 0 I 8 14.72 985.42 240.8b 652.80 1 8 7'1. 07 2693. 7'1 11 20.65 3~14.45 6~ 0 5.'>1 
724. 6 4 5 0 . 05 25 .0? 1S. 0 I Bl4. 72 1014.3 8 247.94 672.00 1934.32 2740.04 112 8 .9 9 3 8 7 ~ .0 2 700 ~. 'i4 
724.64 5 ·) . 05 25 . o 2 15. 0 I 8 14. 72 1043.37 2 55. 02 69 l. 20 1989.59 2804.32 1137.31 H41.o2 720 5.47 
724.64 50 . 05 25. 02 l5.u1 3 1 4.72 1072.36 26 2. 11 710.40 2044.87 2859.59 1145.63 4005.23 74 0 5.41 
724.64 5 0 . 05 25. 02 1 5. 01 8 14. 7 2 11 0 1. 3' 26'1.19 729.b0 7.100.12 2914.84 1153.96 4068.~0 76 0 s. 35 
7 24.64 50 . 0 5 25 . 0 2 15.01 lll4.72 1130 .3 7. 276. 28 748.80 2155.39 2970.1 2 1162. 29 4132.4) 7 80 5 . 30 
724.64 so. 05 25 . 02 15. 0 1 8 14.72 1151.31 2!13.36 768.00 2210.67 3025.39 1170.61 4196.01 eo a 5. 25 
7 24 . 6 4 50 . 05 2S . 02 15 . 0 l 8 14. 72 118 8 .27 2 90. 44 787.2 0 2265.92 308 0.6 4 117 8 .'14 425'1.57 B20 5. l 9 
724.64 5 0 . 05 25 . 1)2 IS . 01 8 14.72 1217.27 29 7. 53 806.40 2321.19 313S. 92 11 8 7. 2 6 43n.1q 840 5.15 
724.64 50.05 25.02 15. 0 1 B 14. 72 1246 .26 304.b1 825.60 2376.47 3191.19 11 95. 59 4 3 8 b. 7 A 860 5. I 0 
724.64 50.05 25 .0 2 15. 0 I 8 14. 72 1275.22 311. 70 844.80 2 431.72 324 ~ .44 1203.92 4450.lb 88 0 5.0b 
724 .1>4 50.05 25 . 02 15. 0 1 tH4.72 13)4.21 318.78 8b4.00 248b.99 3301.72 1212.24 4513.96 qoo s. J2 
724.64 50.05 75.02 15. 0 1 81 4.72 1333.21 3?5. 86 88 3. 20 2542.27 3356.9'1 1220.57 4577.56 n n 4. 98 
72 4 .64 50 .05 25 .0 2 15. 0 1 914.72 131>2.17 332. 95 902.40 2597.52 3412.l4 1228.90 4641.14 940 4.94 
724.64 so. 05 25.02 15.01 8 14.72 1391.16 340.03 921.60 2652.79 3467.51 1237.23 4704.74 91>0 4.90 
724.1>4 50.05 2S.02 15.01 814.7 2 1420.15 347.12 940.80 2708 .07 352?.79 1245.55 476~.34 980 4.87 
724.64 50.05 25 . 02 15. 0 1 814. 72 1449. 12 354. 20 91:>0. 00 2763.31 3578.04 12 5 3 . 8 8 4~ 31. ~ 2 I 000 ~. Bl 
Figure 35. (continued) 
MACHINERY FIXED AND ~ARIABLE COSTS BY JOB - JO B = SECOII[) I SrlOVE U CULTIVATION- STRIP-T I LL SYSTEM 
CAP I TAL ANNUAl HOUSING I NSUR TOTAL REPAIRS FUEL LABOR TOT AL TOTAL TRACTOR TOTAL ACRES TO TAL 
RECOVERY TAXES F I XED & MAINT & LUB VARIB F IX&VA P I NCRE P E~ AC~f 
138 . 75 9.58 4. 79 2. 87 156.0 0 •• B2 4.71 1 5.60 25.14 181 .13 142 . 28 323.41 100 3. 2 3 
138. 75 9.58 4.7 9 2. 8 7 156. 00 s. 7 9 s. 66 18. 12 30. I 6 186.1 6 14 3 . 63 3?'1. n 1 20 2 .7 5 
1 38. 15 9. 58 4.79 2.97 156.00 6.75 6.60 21 . 84 15. l 9 191.1 9 144.97 136. 16 14 0 2 . 40 
138.75 9.5 8 4.7'1 2. 81 15 6. 00 1. 11 1. 54 2 4.'1~ 40 . ?2 1'1 6 . 22 146.32 342 .54 11>0 2 . 14 
138.75 9.58 4.79 2 . 8 7 156. 00 8 .68 8.49 28.08 4 5 . 25 ?0 1. 24 147.67 34 R.9 1 LBO 1.94 
138.75 9.58 4. 79 2. 81 156.00 '1.64 9.43 31.20 so. 2 7 206.27 149.02 355.29 200 1. 7A 
138.75 '1.58 4.79 2. 8 7 1 5 6. 00 l o. 61 1 o. 3 7 34.32 55. 30 211.30 15 0 . 36 3& 1 .66 220 1 . &4 
13 8.75 9.58 •• 7 9 2.81 15& .oo 11.57 11. 32 37.44 1>0. 33 2 16. 33 151. 71 368.04 2 4 0 1. Sl 
138. 75 9. 58 4. 79 2. 8 7 1 5 6 . 00 12 .54 12.26 40.56 65.3 5 221.15 153. 06 174.41 260 1. 44 
118.75 9.58 4.79 2.97 156.00 1 3. s o 13. 20 43. 1:>8 70.38 221>.38 154.41 380 . 79 280 1. 36 
138. 75 9. 58 4. 79 2. 8 7 151:>. 00 14.46 14. 14 46.130 75.41 211.41 l 55. 75 3 8 7. 16 300 1. ? q 
138.75 9.58 4. 79 2 . 87 t 56. o a l 5. 43 1 s. 09 4 9.92 80.44 236.43 157. 10 393.54 320 1. 23 
138.75 9 .58 4.79 2 . d 7 156. 00 16.39 lb. 03 53.04 85 .46 24 1.46 I 5 B. 45 H9 . 'l1 34 0 l. I A 
l 3 8. 7 5 9 . 58 4. 79 2 .97 151>. 00 17.36 11>.97 56 .1 6 90.49 246 .49 159 . 80 40 6 . 2 9 31>0 l . 1 J 
138.75 9.58 4.79 2. 8 7 l 56. 00 18. 3 2 l 7. 92 59.28 95. 52 251.52 16 1 .14 4 1 2 . 66 380 1. 09 
l3 8. 75 9.58 4. 7 9 2.87 156.0 0 19.29 18.86 62.40 100.55 2 56. 54 l 62. 49 4 1 'l . 0 4 400 I • '15 
138.75 9 . 58 4. 79 2. 8 7 156.00 20.2'> 1'J.90 ~ 5.5 2 10 5. 57 26 1.57 161.84 42~.41 4 ?0 1. 0 l 
l3 8 .75 9 .58 4.7 9 2.87 156.0 0 2 1.2 l 20. 7 5 68.64 11 o . 60 266 .60 I 65 .1 9 431.H 4 40 0 . 98 
l3 B. 75 9. 5 8 4. 7 9 2.d7 156.00 22.18 21.69 71.7 6 11 5 .6 3 271.63 166.53 4]8.16 460 o . 95 
138.75 9. 5 8 4. 7 9 2. 8 7 156.00 2 3.14 22.63 74.8 8 120.6 6 276.65 16 7. 8 8 444. 5 3 4RO o . 9 3 
13 8 .7 5 9.5 8 4.79 2 .a 1 156. 00 24. ll 23. 51 78.00 12 5. 68 281.68 I ~9. 23 450.91 500 0 . 90 
l 3 9. 1 5 9. 58 4.79 2 . 8 7 156.00 25.07 24.52 8 1.1 2 130.71 2 86 . 1L 17 0 .5 8 457.28 520 o. ga I-' 
138.75 9.58 4. 79 2. 87 l5b. 0 0 2b. 04 ;>5. 46 84.24 135.74 29 1.73 17 1.~ 2 46 1. 61> 540 0 . 8 6 -::) 
l3 B. 75 9.58 4.79 2. 8 1 156.0 0 n.oo 21>.40 87.36 140. 76 296. 76 173. 27 4 7 o. 0 ~ 560 0 . 84 ..,.. 
138.75 9. 58 4. 7'1 2. 8 7 156. 00 2 7.91> 27.35 '10.48 145.79 301.79 174.62 4 7 6 .41 5 80 o . 8 2 
13 8 .75 9.58 4.79 2 . 8 7 156. 00 2 8. 93 28.29 93.60 150. 8 2 3 06. 82 175 .'17 4d2.78 600 J . BO 
11 a . 75 9.58 4.H 2.87 156.00 29.8'1 29.23 96.72 155. B 5 311. 84 177. 31 489.16 1> 2 0 J .7 9 
138.75 9. 58 4. 79 2. 87 156. 00 30.8b 30.18 99.84 160. ~7 31 6 . 8 7 178. 66 '·95.53 640 0.17 
LB.75 9.58 4.79 2.87 156.00 31. 82 31. 1 2 102. 96 16 s. 90 321.90 I 80.01 50 1.'11 6&0 0 .7 6 
L3a. 75 9. 5 8 '<.7'1 2 .87 156. 00 32.1'1 32.06 106.08 170.93 ~26.'l3 I 81 . ~ 6 508. 28 6~0 o. 1~ 
138.75 9.58 '<.79 2. 8 7 156. 00 3 3. 75 33.00 1 09.2 0 175.96 331.'1 ~ 18 2 . 7 l 5 14. 1:6 1 00 0.74 
13 8. 75 9 .sa 4.79 2.8 1 156.00 34 . 71 33.95 ll 2. 32 18 0.98 336.98 1 84 . 05 521.03 720 ~. 72 
13 8. 75 9. 58 ~o.79 2. 8 7 l 5 6.0 !) 35.68 H.8'1 115.44 186.01 342.01 185 .40 '>27.41 740 o . 71 
138.75 9.58 4.79 2 . 8 7 156. 00 36.64 35. 63 ll a . 56 191. Qt. 3'+7.03 18 6. 75 533 .7 a 7 60 0 . 70 
138.75 9. 58 4 .]Q 2 .a 1 156.00 37.61 36.78 121.68 196.06 35?. 06 IRA. 10 54 o . 16 7 80 1.6'1 
138.75 9. 58 4. 79 2.87 156.0 0 38.57 31.72 1 2 4. 80 201.09 357.0'1 189. 44 546 .53 800 o . 68 
LJ 8 .7 5 9 . 58 4.7'1 2 . 87 156. 00 39. 5'< 36. bb 127.92 2 06. 1 2 362.12 190.79 552.H A 20 ') .67 
l 38. 75 '1 . 5 8 4.79 2.8 7 156.00 '<0 .so 39.61 1 31.04 2 11.1 5 367.14 1 92 . 14 55'1.28 840 o. b 7 
133. 75 9 . 58 4 .79 2 .87 156.00 4 1. 46 40. 55 134.1 6 216.17 372.17 193 .48 565.66 860 o . 61> 
LH.7 5 9 .s a 4.7 9 2 . 87 15 6. 00 42.43 Itt. 49 131. 2 8 ?21.20 377.20 194. 83 s12.n3 890 J.&S 
138. 7 5 9 . 59 4.79 2.87 156. 00 43.39 42.4~ 140.40 226.23 382.23 19 6. 18 578. 4 1 9 00 o . 64 
13 8 .7 5 9 .5 8 4.79 2. 8 7 156. 00 44. 3 6 43. 3 8 14 3 .'>2 2 Jl. 26 3a7.2" 19 7.53 584 .7 8 '120 0.64 
13 8 . 75 '1.58 4.7'1 2 .87 l%.00 45.32 4~. 32 146.64 236. 28 39 2. 2 8 198. 88 5'll .1 6 94 0 0.63 
138.75 9 . 59 4. 79 2. 81 156. 00 46.29 '+5. 2 1> 149 .71> 24 1. 3 1 3'17.31 ? 00 . 22 59 7. 53 9 1>0 o . 6? 
13 8 .75 9.5 8 4.7'1 2 . 8 7 156.00 47.25 46.2 1 15 2. 88 2 4 6.3 4 402 .14 201.57 &0 3.91 98 0 0.62 
138. 75 9.58 4 . 7'l 2 . H 156 .00 4 8 .21 47.15 156.00 251.36 407. 36 202 .92 6 1 o . 28 1000 J . b l 
Figure 35. (continued) 
MACH I !'< ER'I' FIXED AN D VARIAg(_E COSTS B1 JOB- JOB = APPL'I'I~G ANHY DROUS AMMONIA - ROTARY TILL SYSTE" 
C .!.PITAL A '~ I·WAL HOUSI >; G 1 >;S UR TOTAL REPA I RS FUEL lABOR TOTAl TOTAl TRACTOR TOTAL AC'tE S TJ TA L 
REC<l'IE RY TAXES F I XE'"J ~ MA 1 "; T & LUB VARIR FIX&VAR I NCRE PE~ ACRF 
l 79 . • :J 12.4 2 c. 2 1 3 . 73 20 z. 26 ll . 5 2 9. 11 33. 6D 54.8'1 2S7 .! 6 2!>0 . 08 517.23 l JO 5. l 7 
l 7 ·l. 'I ') 12 .4 2 b . 2! 3 . 73 212 . 26 l J. A 2 ll. 73 40.3 2 6 5. a 1 268. 1 3 262.99 531 .12 120 ·-~3 
l 7 ~ . 'H; 1 2 .4 2 6 . 2 1 3. 73 2 0 2. 2 b 16 .1 2 13.68 47. 04 76. 85 279 . 11 265 .'10 ~45 . 'l l 140 3. 89 
1 7 I. '1 :) t 2 . 4 2 6 . 21 J.n 2'J 2 . ?b ! R.4 2 1 5. 1>4 53. 71> 8 7. 82 2'10 . 0'1 21>8.82 S5 ~ . ~J 160 '.49 
'79. 'I ') 12 . 4 2 6. 21 3.73 2:) 2.21> 2J . 73 17.59 60.4 8 98.'10 30 !. 06 27 1.73 S 72. AO 18 0 3 . 18 
tn. '"~-J 12.42 b .ll 3 . 73 2 J 2.26 23. 0 3 19. 55 6 7.2 0 109 .7 8 312.04 27 4 .1> 4 S86.68 200 2. 93 
1 n . -10 12 . 42 b.2l 3 . 73 232 . 26 25 .33 2 1. 5 0 73. '12 12 o . 75 3 2 3. 02 2 77.5 1> &Ja . s~ 220 2 . 73 
17'J . 9 0 1 2.42 6 . 21 3. 73 2 )2 . 21> 2 7. 64 23.4!> ~0.1>4 131.7 4 334.00 280.47 61 ~. 47 240 2 . 56 
l 7? . 'IJ 12 .42 o. 2 L 3. 73 £ ')2 . 2 1> 2 9. 94 25.41 8 7. 36 142.72 344.'18 283 .38 628.h 21>0 2 . 42 
I 71.'1 0 1 2 . 42 6 . 21 3. 73 2J2 . 26 32.24 27.37 94.08 15 3. 69 3 5 5. '16 2 86. 3 0 642.21> 2~0 2 . 2'l 
I 79 . 'l iJ 12 . '·2 o. 21 3. 73 2J2 .2b 34 .54 29 .3 2 1 00 . ~0 164.67 361>.'13 289 .21 656.15 300 2. 1 q 
17 1. '1 ) I I . <.? 1> .2! 3. 73 2C 2 . 26 3~>. as 31. 28 10 7. 52 1 75. !>5 3 77. '11 292. 13 670.)4 320 2.0'l 
l 7 -1 . J J 1! . 4 2 6 . 2 1 3. 73 2)2. 2 !> 3'1 . 15 33.23 114.24 1P6. 62 388 . 8'1 295.04 68 3. '13 340 2. Cll 
l 71 . 'l J 12 .4 2 o . ll 3. 73 2 'Jl . 2'> 4! .4 5 3 5 . 1'l 120.'1b 1'17.6 0 3'10 . ~7 297 . '15 697.82 '60 1. '14 
1 7 -i. ~ ) 1 2 .42 b . 2 1 3 . 73 2J 2 . 2o 43 . 76 37.1 4 127.6 8 2 OB. 58 410.~5 300.87 711.71 380 1. 87 
l 7 ~ . ) <) 12 ... 2 o . 2 1 3. 73 2? 2 . 21> 46. 0 6 3'1. 10 114.40 21 q. 56 421.83 303. 78 725. 61 400 1. R 1 
1 7'1. '1 0 12 . 42 6. 21 1. n 2() 2. 26 49. 36 41. 05 141.12 230.54 432.9 J 306 . 6'1 73'1.50 420 1.76 
i 7 ~ .. "} lJ 12 . 4 2 0 . 2 1 3 . 73 20 2 . 26 50 .67 4}. 01 14 7. ~4 241 . 52 44 3. 78 30'1. 61 7S3.H 440 1. 7l 
I r; . '1 0 !£ . 42 b . 2 1 3. n 20 2.26 5 2 .97 44.91> 154.56 252.49 454.76 3 1 2. 52 7&7. 28 460 ! • 67 
1 7 ~ . >·J 12 . 42 o . 2 1 3 . 73 2) 2. 2 b 55. z 7 46. 92 161. 2 8 263.47 46 5 .73 3 15.43 781.17 480 1. b 1 
II' · 'I U 12 . '• 2 '> . 21 3 . 7j 2·J2 . 2~ 57 . 5 7 48.117 11>8.00 27 4. 45 4 76. 71 3 1 a . 3s 795. 06 500 1. S'l '""' I~ ~ • 'J ,) 12. '•? o . 2 1 1. n 2 J2. 2 0 5 9 . 8 7 50.83 174.72 28 5. 42 487.(>9 32 1.26 808 . 95 520 1. 56 -J
I 71 . 9 J l2 . 42 0 . 2! 3.7} 2') 2 . 26 ~>2. 1 a 52. 7 8 181. 44 2 '16. 41 498.67 324.17 822 . 85 540 1.52 CJl 
: 11 . 'l J 12 . 42 b . ll 3.73 2 ) 2 . 2 6 ~4 .48 54.7 4 188. 16 307.38 509.65 327 . 09 a 36. 14 560 1. 49 
: 79 , '1 0 12 . 4 2 b . 21 3 . 71 202 . 2 6 66. 7'1 5o. o9 194. 88 318.36 5?0 .b3 330 . oo 850 .63 5 80 1.47 
I 7 I . 'IJ I 2 . 4 £ 0. 2 1 3.13 <J2 . 26 69.0'1 sa. os 20 1.6 0 3? 9. 34 531.60 3 3 2. 91 864 .5 2 600 1.44 
177.10 12 . 4 2 o . 2 t 3 . 73 2n . 2& 71 .3 9 oO . !>O 208 .3 2 340.32 542.58 3 3 5 . 8 3 8 1 a. 41 620 1. 4 2 
ll'l . 'l 1 l2 . 4 2 b . 21 3. 7) 20 2. 2 6 73.69 6 2 .56 215.04 1s 1. 2'1 553.S6 338.74 892 .3 () 640 I. 39 
~ 7 1 . 9 J 12 .4 2 0 . 21 3. 73 212 . 26 75.99 64.51 221.76 362. 27 564.S 3 341. 66 '106.19 660 1. 37 
1 n . -. ~ \ 2 . 4 1 6. 21 3. 73 2 0 2 . 26 7 d .3 0 66 .47 22 8.48 37 3. 25 575.52 344.57 920.0'1 680 I. 15 
I 71 . 'I ? !2.4 2 " . 2 1 3. 73 2') 2 . 26 80. 61 !>8. 4 2 235. 20 184. 23 586.50 34 7.43 933.'18 700 1. 33 
! 7 ) • -1 J 12 . 4 2 t>. 2 1 3 . 7] 2J~ . 2~ S2 .'ll 70.38 241. '12 3'15. 2 t 597.4 7 350.4 0 '147.97 720 1.1 2 
17 9 . ~1) l 2 . 4 2 b. 21 3. 73 2 J 2 . 26 85 .2! 72.33 248.64 406.18 &08.45 353.31 '16 1.76 740 t. 30 
1 r J .1 ) 12 .4 2 0 . 2! 3 . 73 2? 2. 26 8 7. 51 74. 29 25 5. 31> 417. 1 & 61'1.43 35~.22 975.1>5 760 1.2 8 
l 7 I . ; .J 12 . 4 2 b. 2 l 3 . 7] 2 0 2 . 2'> 8'1 .8 1 76.24 2 6 2 . 08 4 28 . 14 1>30.40 359. 14 989. 54 7 80 1. 2 7 
ll i. 9 0 12 .42 b. 21 3. 73 202 . 26 92. 1 2 7 8. 2 0 268 . 8() 439.1 2 ~q .18 }b2.0~ 1()0 J. 41 ADO 1. 25 
; l'l. ' I ·) 12 . 42 0 . 2 1 3. 73 20 2. 26 '14.42 eo. 1s 275.";2 450. 10 6 52. 36 364 . 91> t 0 1 7.33 820 1. 24 
1 7 I. 'IU 12 .42 " · 21 J. 71 2 ')2 . 2 6 '16.73 82 .11 282.2~ 461. 0 8 663.34 36 7. 8 8 10 31.22 840 1.23 
l 7 l . -I J I 2 .4 ? 6.21 3 . 73 2') z. 2 6 99.03 84. 06 288.'16 472. ') 5 674 . 37 370 .79 I 0 45 .11 860 1. 2 2 
l 71 d J i :? . 4 2 b . z 1 ~ . 73 2')2.26 1J 1. 33 86.02 2'15.68 4 8 3. 0 3 685. 30 373.70 105'1.00 sqo 1. 2~ 
I 7'1 . l ~ I ? . 4 2 b. 21 3. 73 20 2.71> \ 03 . 63 8 7.17 3 02.4J 4'14.() 1 696 . 2 7 H6.62 1 0 72 .~ 9 '1 00 t. 1 q 
l 7} . ·l J 12 . 4 2 b.2l 3. 73 2'l2.2~ 10 5. 93 89. '13 30'1. ll 504 . 98 7 0 7. 25 379.53 1 0 8 6.78 '120 1. 1 s 
i 7 J. 1 :) 12.4? b . Zl 3 . 73 202 . 26 108 . 24 91. -~8 315. 84 515.96 71 1>.23 182.44 1101). 67 940 1. 1 7 
t 7'~ . •c 12 . 4 7 b. £1 3. 7} 2 07 . 2& 11 0 . 54 93. 84 3 22. 5 ~ ~2~.'14 72'1.20 385 .3& 1114.56 9 60 1. 16 
1 7'1. 'I J 12 . 4 2 6. 2 1 3 . 73 20 2. 26 112. 85 9S. 7 9 329 . 28 537.'12 74 0. 1 9 l68 .27 112R.46 9 80 1. 15 
! 1 o . 9) l ? . 4? b. 21 3 . 73 n2 . n 115.1 s '17.75 13 6 . ) ) ~4 8 . '10 7 5 1. 16 3'11. I R 114 2. 35 10 0 0 1. 1 4 
Figure 36. Machinery costs - ro tary till syste m 
MACHINER¥ FIXED AND VARIABLE COSTS B¥ JOB - JOB = ROTAR¥ SWEEP TILL - ROTARY Till SYSTE~ 
CAPITAl ANNUAL I<! US lN G I NSUR TOTAL REPAIRS FUEl LABOR TOTAL TOTAl TRACTOR TOTAl ACRES T)T AL 
RECOVERY TAXES FIX EO ~ MAI'H & L UB VAR I B F I X& VAR I NCRF PEP ACRF 
34 7. 22 23.9B 11.99 7.19 39 0 .38 40.66 26. 56 49.40 116.62 507.01 3B 1. 9'1 ~~q , qq 100 ~ . 8'l 
34 7. 22 23.98 11.99 7. 19 3'10.39 48.79 31.88 5'1.28 l39. 'I 5 530.33 3 81>. 2 7 'II b. &0 1? 0 1. 1>4 
347.22 23.98 11.'19 7. 1 9 39 o. 38 51>. 93 3 7.19 69. 1 b 11>3. 28 553.bt- 3'1(] .55 ~44. 21 14 0 1> .74 
}47.22 23.98 11.99 7.19 39 0 . 3 8 1>5.01> 42.50 7'1.04 181>.1>1 576. CjQ ~'14 . B2 'l1L. "1 11> 0 ~- ()1 
347. 2 2 2 3. 98 11. '19 1. 19 3'10. B 7 3 .18 47.82 88.9 2 20'1 . 'l 2 600.30 39'1 .10 99'1.41 1 80 '· ~~ 147.22 23.98 11.99 7. 19 390.38 81. 3l 53. 13 98. eo 23 3. 24 62 3. 63 4 03. 3 R l ;)27 . 1! 2()~ 5. 14 
34 7. 2 2 2 3. 98 11.99 7.19 390.38 89 .45 58.44 108.68 256.57 646.96 4 0 7.66 10 54. 62 ?20 4. 79 
34 7. 22 2 3. 98 !I. 99 7. !'I 3'10. 3 8 97.58 '>3. 76 11 8. 56 279.1:} 6 70.28 41! .'14 toqz. 72 740 4. ~I 
147.22 23 .98 !1.'19 7.19 390. 38 105.72 69. 07 12 R. 44 .303.23 b93.bl 41~- 22 1109.8 3 21>0 ., • 2 7 
34 7. 22 2 3. 98 ll. 99 7. 19 39 0 . 39 113.85 H.38 138.3 2 32&.55 716.94 42 0 .50 1!37. 44 280 4. (lb 
147.22 23.98 !1.99 7. 19 390. 38 121.97 79. I> 'I 148.20 349.87 14 0 .25 424.7 8 11 65 . 03 301) 3 . 88 
347.22 ?3. 98 II .99 7.19 390. 38 130. 11 85.01 158,0 8 373.19 763. 5~ 4 2 9. Qb 11Q 2 .64 32 0 3.n 
34 7. 22 2 3. 98 11.99 7. 19 39 o. 3 il 13 8 .24 90.32 167 .9 1> 39 6 . 57 781>.91 433.34 1221 . ?4 34 0 l. ~'I 
}47.22 2 3.98 11.99 7. 19 39 0 . 3A 146.38 95.6 3 17 7. 84 419. 85 AI 0 . 23 437.~2 124 7. ::15 ~OJ L47 
34 7. 22 2 3. '18 11.99 7.19 H0.3q 154.5 1 100.95 187.7 2 443. 18 1'33 .5 1> 44! . 9 0 127 ~ .4 1> 1 ~ o · 3. 3 A 
34 7. 22 21. <;8 ll. 99 7. 19 390.38 I 1>2. 64 101>.21> 197.1>) 461>.50 851>.89 44 6 .1 9 1Vl3. 06 4 00 3. 2-. 
347.22 23.98 11 · " 9 7.19 390.38 170.76 Ill. 57 207.48 489. 82 880.20 45 0 .4S 1311.~~ 4?0 3. 1 7 
347.22 2 3. 98 11. ~9 7.19 390.3 R 178.9 0 116.89 217.31> 513.14 90 3. s 3 4 54. 7 3 I 358. ?~ 44 0 3. 09 
341.22 23.98 11.99 7. 19 390. 38 I 8 7. 03 122.20 227.24 536.47 92~.8~ 459. 01 1385. 8 7 460 ~- 0 l 
347.22 23.98 11.99 7. 19 390. 38 195.17 127.51 231.12 5'>9. 80 950. 18 463. 2'l 14!1.47 4q o 7. 94 
147.22 2 3. c;g 11.99 7. I 9 390.3 8 2 03.3 0 132.82 247.00 58 3. 13 973.51 46 7. 57 144!. 08 500 ? . AS ~ 347.22 2 3.98 11.99 7. I 9 390. 38 21!.44 1 3 8. 14 256.88 606 . 4~ 9'16.R4 47!.85 14 6~ .6'1 sn 2 . A? ...;) 
347.22 23.98 1!.99 7.19 3'1 0. 38 219.55 14 3. 45 2bb.7b 629. 76 1020.1~ 4 7 6 . 13 14'1 6 . 2° 54 0 2 . 7 7 C) 
347. 2 2 2 3. 98 11. 99 7. I 9 390.3 8 227.1>9 148.76 276.64 b5 3.09 1043.4 8 4 80 .41 15 23 . ~9 5~0 7. 77 
347.22 2 3.9 8 11.99 7.1 9 390. 38 235.82 !Sit. 08 281>. 52 676.42 101>6.81 464.~9 15 51 .4 ~ 5'1 0 ?.t-7 
347. 2 2 21.98 11.99 7.19 390.38 24 3 .91> 159. 39 29 b. 40 699.75 109 0. 13 488. 91 IS 79. I() bOO z. b 3 
34 7. 22 2 3. 98 11.99 7. 19 390. 3 8 252. 09 164. 70 3 06.2 8 72 3. 08 1113.41: 493.25 160'>.7 1 620 2 - ~q 
347.22 23.98 11 .99 1. 19 390.38 260.21 170. 02 316.16 746.39 1136.77 497.53 11>34.10 640 2.55 
34 7. 2 2 2 3. 98 11.99 7.19 390.38 21>8.35 17'>.33 32b.Oit 769 .71 111>0. 10 50 1. 81 I bb l. 91 66 0 2 . 57 
347.22 23.98 11.99 7. I 9 390. 38 271>. 48 180. 64 335.92 7'13. 04 1183.43 ~06.09 l~B.SI 1>~a 2 .4A 
347.22 23.98 11. 99 7.1 9 390.38 284.6 2 18S.95 345.80 816.37 1206.75 ~1 0.36 1717.1 2 1 0() 2 .4~ 
34 7. 22 23.98 II. 99 7. I 9 390. 3 8 2 92.75 1'11.21 355.68 8 39.10 123 0 .0R 5 !4. 6 4 174 4 .73 72 0 2 . 4 7 
347.22 23.98 11.99 7.19 390.38 300.88 196. 58 365. 51> 663.03 1253.41 519.92 177 2 .33 74 :J 2 . 4 0 
347.22 2 3. c; 8 11.99 7.19 390.311 309.00 20 1. 89 375.44 886.34 1276.72 S2 3. 20 1'99,Q? 76 0 2 . H 
34 7. 22 23. 98 11.99 7.19 390. 3S 317.14 20 7. lL 185.32 'l09.~~ 13J0. 05 52 7.48 1827.'>3 7 80 2 . 14 
147.22 23.98 11.9'1 7.19 390.38 32 5. 27 Z12. S2 195. 20 932.99 !323. 3 ~ 531 .7o I 05 5. I 4 a .~ n 2 -' 2 
347. 22 23. 98 11.99 7. I 9 390.38 333.41 211. ~3 4 OS. OR 956.32 1346.7 0 53 6 . 04 1A8 2. 74 820 2. 3 0 
34 7. 2 2 23.'18 ll.'l'l 1. 19 390. 18 341. 54 22 3. 1 5 414.96 919.~5 137 0 . ()3 5 4 n .37 I'll 0 .1 ~ P40 2. 27 
34 7. 22 2 3.98 1!.99 7.19 390.36 349.66 l28.1tb 424.84 100 2.98 I 393. 36 544.60 I 937. Ql, 86Cl 2.25 
347.22 2 3. 98 II. 99 7. 19 39 o. 3 8 357.79 233.77 434.72 1026.29 141 6 .67 ~4 8 .8 ~ 196S. S~ A~ O 2. 71 
347.22 2 3.96 11.99 7. 19 390.38 365.93 239. 06 444. bO I 049. 1>1 1440.00 5 53.16 1'1'13.11> 9 00 7 . 2 1 
347.22 7. 3. 98 11.99 7.19 390.38 374.06 244.1t0 lt54.48 107 2 . 94 1463.33 557.44 202 0 .7'> 9 70 ? . n 
347.22 2 3. <;8 11. 99 7. 19 390. 3 8 382.20 Zit 'I. 71 464.36 109~ . 27 1486.6':' 51> 1. 72 204R. 37 94 0 2. I 8 
347.22 23.98 11.99 7.19 390. 38 390. 3 3 255. 02 4 74.24 1119.60 150'1.98 566.00 2175.9 8 960 2 .1 6 
34 7. 2 2 2 3. 98 11.99 7.19 390.38 398.47 260.34 4~4.12 1142.92 1533. 3t 570. 28 2 103.5R 98() 7 . l 5 
34 7. 22 2 3.98 11.99 7. 19 390. 38 406. 59 26S.b5 494.00 1166.24 1556. 67 ~74.55 2 1 H .17 IO'l ') 7 . l 3 
Figure 36. (continued) 
~A C'"i i ';ERY F IXE D AND VAll i AB LE CCSTS BY J OB - J OB = PL ANT I '> - ~O T APY TILL S YSTFM 
(.API I AL ANNU AL HOJ:> I NL I '<SUR TOTAl REPAI~S FUEL <_ ABO~ TO TAL TOTAL TRACTOR TOTAL ACR ES TOTAL 
R EC 1VE ~Y TA Xf S FIXf ') ~ '1AI~T ~ L UB VARI B F!X~VAR IN CRF po~ ACR F 
333. 16 n . o 1 ll. ~O 6 . 9J 37 4. 5~ 31. 8 6 7.0 I 3A. OO 7 6 . 8 7 4 5 1.4 5 29 3.94 745. 39 100 7. 4 5 
3 3 3 . 1 b 23 . 01 I I. 50 ~.9 0 37 4. 59 3 8, 2 2 ~ - 4? 4 5 .1> 0 '12 . 2 4 46 6 .8 2 29 7.23 71,4. 06 1 20 6 . 37 
3 33. I I> Z3 . o 1 11. 50 6 ,9 ) 374.5 8 4 4 , 1>1 9. 8 2 53.2 0 1 :n. b3 4 82 .21 300. 53 7 ~2 .74 14 0 5.5 9 
lB. Ill 2 3. 0 I 11. 50 1>.9 0 374.5 8 5 ').9 8 ll. 2 2 60 . 80 1?3. 30 4'17.5 8 303, B2 AD !. 4 0 l bO ~ - 0 1 
33l.l ll 2 3 . o 1 11. 5 0 6. 90 314. 58 57. 3 5 12. 63 b 8 .4 0 13 8 .37 5 12.95 30 7.11 820 .37 1 8 ·~ 4.56 
333.1b 23 . 0 1 II.. 5 0 6.90 3 74.5 8 63. 7l 14.0 3 76.0 0 153.74 528. 33 31 o. 40 83 8. 73 2'10 4. I 'I 
333. 16 2 3. 0 I 11. 50 6. 90 374.5 8 7 0 .1 0 15.43 83.bQ 169 .13 541.71 3 13.70 857.41 220 3. 90 
333. Ill 2) . o l 11. 50 6.90 374.59 76.47 lb. 84 91.2 0 1 84. 5 0 559.08 3lb.99 876.07 240 3. 65 
333. 1 ll 2 3. 0 l 11. 50 6.9) 314 .5 g 8 2 .8 3 18.24 9A.80 1 99.~ 7 514.46 3 2 o. 2 8 894.74 2b0 3. 44 
B3.1 1> 23 . 0 1 11. 5 0 6.9 0 37~.5R 8'1 .20 1'1.64 1 Ob .4 0 n ~ .24 58 '1.83 323.58 '113.40 21l0 3. 7f, 
33 3.1 b 2 3. ') 1 II . 5 J b . 'I ) 374. 5tl 95 .57 21. 04 114. 00 2' o . 6 2 6OS . 20 3 2~. 8 7 13?.01 300 3.11 
3 33 . I b 2 3. 0 l li .5 J !, , 9 0 37~.5 ~ LJ 1. '16 22.45 12 I .b J 24~>.)0 670.5'1 330. lb 95 0. 75 320 7. 97 
333 .1 b 2 3. 0 I 11 . 5 ') 6 . 90 3 74 •• ~ I 0 3. 32 23. 85 12 9 . 2'1 261. J7 635 .'1 ~ 333.45 96'1.41 34 0 2.85 
333 . 16 n . n 1 II . 5:> b .'lO 3 74. sa 114 . 6'1 2 5.2 5 !lb. RC' 21b. 75 651 . 33 336. 75 988. 0 7 36 () 2. 74 
333. 1 b 2 3. 0 I II. 50 6. 9 0 374.s g 121 .ot. 26.6b 144.4 :-l 2'1 2 . 12 666.70 340.04 100b. 74 38 0 2. 6 5 
133 .I~ 7 3 . o l ll. 50 6 .90 374.S a 12 7,44 28. Ob IS 2. 00 ~0 7. 5 0 b 82. 0'1 H3.33 102 5.4 2 40 0 2.5b 
'3 3 .1b 23 . 0 1 11. 5') 6 . 90 374.5 3 133. 8 1 2'1.4b 159,1>0 322. 98 697. 46 34b.63 1044.0R 420 2.49 
3 33. 16 J 3. 0 1 II. so b . '1 0 374. ~8 14 0 . 1 8 30.87 167.23 338.25 712.93 349,92 1062.75 44 0 2. 4;> 
3 33.1 6 2 3 .0 I 11. 5 0 b . 'IO 3 74. 58 146. 55 32. 2 7 I 74.80 353. 62 72R. 20 353.21 1031.41 4b 0 2.~5 
333 . I b 21. 0 1 11.5 0 6 ,9 J 374. 58 15 2 .92 33.67 182.40 '68.99 743. S7 35b,50 1100.07 480 2.29 
H3.lb 2 3 . o 1 11.50 b. '1 0 37 4. 58 15 ~. 3 a 3 5. 07 1 90. DO 384.38 n8.9 6 359.80 1118.76 500 2.24 
333 .1 6 ZJ . O 1 11. 51 b.9 CJ 37<t.5 8 1b5. 6 7 36.48 197.60 ''19. 75 774.33 363.0'1 liH,42 57.0 2.1'1 f.-' -.::1 3l3.l b 23.0 l 11. 5 0 6.'1 0 3 7 4. 5 8 172.0 <, 37.88 2 05.2J 415. 12 7 89 .70 3b6.38 1156.08 540 z. 14 -.::1 
B3.lb 2 3 . o l 11.50 6.9 0 374,5q 17a. 41 39.2 8 2 12. 80 4 3 o. 4 <) A05.07 16~.6[1 1174.75 51> 0 2. 10 
D3.1b 23 . J l 11.5 0 !>. 9) 374.5 9 184.79 40.6'1 220.40 445. 88 82 0.41> 372.97 1193,43 590 Z.Ob 
3 33. lb 2 3. 0 1 11. 50 6. 9 0 374.5 8 191.16 42. 0'1 l2 8 .oo 461. 25 B35.H 376.2b 1212.09 600 2. 02 
333.1 6 23.0 I 11. 50 6.<;10 374.58 197.53 43. 49 2 3 5. b O 4 7 6 . 62 851 .2 0 379.55 1230.7b 620 1.99 
333. 16 2 3. 0 l 11. 50 o.90 374.58 203.8'1 44.'10 243 . 20 491.99 866.57 3 8 2. 85 1249. 42 640 I, 95 
333.16 23.01 11. 5 0 b,9Q 374.58 21 0 . 2" 46. 30 250.90 507.38 881.96 38b. 14 1268.10 660 1. 92 
3H.16 23 . 0 1 11.5 0 6.'1) 374.58 216.65 47. 70 2 58. 40 522.75 897. H 38'1.43 1286.77 b80 1. 8'1 
3 33. I b 2 3. 0 l 11. 5 ') b.9 0 374.5 8 2 23. 02 49.10 2b 6 .0J 538.1? 912.70 392.73 130 5. 43 700 l. 86 
) 33.16 l),Q l 11. 50 b. '10 37 4. 5 8 229. 3 Q so. 51 273.60 553.49 '128. 0 7 39b.02 1324.09 72J 1. 84 
333.lb 23 . 0 1 1 1. 50 6. 9 0 374.58 235.75 51.91 281.20 5bB. 86 94 3. 44 399. 31 1342.7b 740 I. B 1 
3 33. 16 23.0 l 11. so b. 90 374.5 8 2 42.14 53.31 289.80 584.25 958.83 402.61 13b1.44 7b0 1. 79 
333.1& 23. J I 11. 50 f),9!) 37 4. 58 24d. 50 54. 7 2 29 b. 40 599. b 2 974.2 0 405.90 1380.111 763 I. 77 
3 33. I to 2 3. 0 1 11.5 0 6. 90 374.5 8 25 4. 8 7 Sb.12 304.00 614. 99 989.57 409.19 1398.77 80 0 1. 75 
33 3. I b 23.0 l 11. 50 6. 90 374.58 2b 1. 24 57.52 311.60 b30.36 1004.94 412,49 1417.43 820 1. 73 
333. l b 2 3. 0 1 l1. 5'l 6.9 0 374.58 26 7. 6 3 58. 93 31 9. 20 645. 75 102 o. 33 415.78 1436.11 840 I. 71 
3 33. 1 b 2 3. 0 I 11.50 6,90 374.58 27 3.99 60.33 326.80 661.12 1035,70 419.07 1454.77 860 1. 69 
3 33. 16 23 .01 11. 50 6.90 374. 58 280.36 61. 73 334.40 b7b,49 1051.07 422.31> 1473.44 1'180 1.67 
133.16 23.01 11.50 6.90 374.58 286. 73 63. l3 342.00 b9l. 86 1066.45 425.66 1492.10 900 1.1>6 
333. lb 2 3. 01 11.5 0 6.90 374.58 2'13.10 64.54 349.1>0 10 7. 23 1081.82 428.95 1510.77 92 0 1. b4 
333.16 23.0 I 11.50 6. 90 374. 58 299, 4 8 65.94 357.20 722.62 1097.20 432.2• 1529.45 940 1. b) 
333.16 2 3. 01 11.5 0 6.90 374.58 305.85 67.31t 3b4. 80 737.99 1112. 5 p 435.54 1548.11 960 t. !>1 
333. 1b 2 3. 0 I 11. 50 b. 90 374.58 312.22 68.15 3 72.40 153.36 1127.95 438.83 1566.78 980 I. 60 
133.1 6 2 3,0 1 11.50 6.90 314.58 318. 59 70. 15 380. 00 7b8.74 1143.32 442 . 12 1585.44 1000 1. 59 
Figure 36. (continued) 
MACHINE~¥ FIXED AND VARIABLE COSTS BV JOB- JOB =FIRSf > ECOND !SHOVEL) C Ul T IV AT I 0 NS - ROTHY TILL SYSTEM 
CAPITAL ANNUAl HOUSI~G INSUR TOTAL REPAIRS FJEL LABOR TO f Al TO TAL TRA C TOR TOTAL ACRES TOTAl 
~ECOVERY T AXE 5 F I XEfl !: MAIN T " LU9 V AR I R FIX & V AR I~CRF P E~ ACRF 
l 39 . 75 'l, 58 4 . 79 2. 8 7 I 5 b. 00 16. 68 I 3. 2 2 54.00 8 3.90 239.9 0 4 I 7. 20 6~7.10 1 00 b . 57 
llo.7~ 9.58 4. 79 2. 8 7 156.00 20.02 1 5. 8 7 6 4. qo 100.69 256 .6 8 421.89 ~79.5~ 1?0 5.6~ 
I 3 8 . 75 9. 58 4. 79 2.97 156.0) 23.35 18. 51 75.6 0 117. 4 7 273. 4 7 426.55 7-) 0 . 02 140 5 . 10 
l 33 . 75 9.58 4 . 79 2. 3 7 15&.00 26.69 21. l & H6 ,4 ) 134.25 ?90 . 24 431. 23 72 I. 4 7 160 4. 51 
l3'i.75 '1 .58 4.7'1 2.8 7 156.0 0 30.02 23. 80 97.20 !51. 03 30 7. 03 435.90 742.93 l ~J 4. 1 J 
I 33 . 75 '' ·58 4.79 2. 97 I 56 .O 'J 33.36 26.45 l 08.00 11> 1 -~ l 323.8 1 4 40. 57 76 4, 3 8 ?00 3. ~ 2 
I B.l5 9 .58 4. 79 2. 8 7 15 6. 00 36. 69 2 9. 09 118.~ 0 1~4.<;9 Vt:J.<;9 445.25 7~5. 81 220 3.57 
l 18.75 9.58 4.79 2.8 1 l5?.1JO 40.01 H.74 I 2 9. 60 20 1. 31 35 7. 37 449. 92 ~:)7.29 240 1.3~ 
lB. 75 9. 53 4.7'1 2. 8 1 I 56. 00 43.37 34.38 140.40 218. 15 374 . 15 454.60 ~29.75 20 0 1. 19 
131.75 9.58 4,79 2 . 8 7 15 ~ - 00 46. 70 37.03 151.2 0 234 ,'13 390.93 459.27 35J . 21 ?8J 3. 0 4 
l 3 ~ . 75 ·~.53 4. 79 2.8 7 I 5 ~ .0 0 50.04 19.1>7 162.00 25 1.71 40 7. 71 463. '14 371 . 6'> 3')) 2. 'll 
133. 75 'l . 58 4. 79 2. a 1 15'>. 00 53.33 42.32 ~72.~0 268 .50 424.49 468.'>2 8 'H.Il 320 7. 7'1 
l H .1 5 9 .5 8 4. 7'1 2.87 156.00 56. 71 44. '16 I 8 3. 60 285 .27 441.27 473.2'1 '114.~> 34) z . o'l 
l 3 :l . 7~ 'l. , ~ 4. 79 2 . 3 7 156. 01 , ).05 47.~1 194.4() 30 2 . 06 458.05 "77. 96 q 3 6. 0 2 31.>0 2. 6 0 
l } cl . 7 5 9. 5 .~ 4. 7'1 2 .H 15~. 00 63. 38 5o. 2 5 2 05.2 J 318 . ~ 4 474.94 492.64 '157.47 3110 2 . 52 
l j j. 7 '> "1, 5" 4.79 2 . a 1 156.00 66. 7 2 52. 90 216.00 H5.62 491.61 4 87.31 '178.91 4(]0 ?.45 
l J 'l . 7 5 9, 59 4.79 z. 37 15 ~.o o 70.05 55.54 7.26.~0 352.40 50~.40 491. 'l'l 1000. 38 42 0 2. 38 
l H . 7 5 '1 . 59 4.7'1 z. a 1 150. Q .) 7 3. 3Q 58. 19 237 . 60 3S9.19 '2 ~. l ~ 491:>.6 1> IIJ 2 1.~4 44'1 ? • 32 
13 ~ . 75 L58 4.n z. ar 156.00 76.72 1> 0 .93 248.40 38 5. 96 541. 96 501.33 1043.29 46~ 2 .27 
lB. 7 5 9, 5~ "· 7CJ 2 . ;n l 5~. 00 30 .0 6 1>3.~8 25'1 . 20 40 2. 74 558 .74 506 .01 10'>4.75 4~n 2. 22 
lJLT5 9 .5~ 4. ]Q 2. 9 7 156. 00 8 3. 3? '>6. 12 2 7 0. 00 419. 52 5 75. 52 5 1 o .oa 10BI>.2~ 50J 2 . I 7 f-1 
1' a. 1 5 9 . 53 4.7'1 l. 9 1 156. 0:] 86 .73 68. 77 280.8C 4 36. 30 592.1() 515. 35 ll 0 7.65 520 2. I 3 ...;} 
Ud. 75 9.53 4. 7'1 2 . 8 7 156. 00 90.07 71.41 2'1 1.6 0 4<;3. !)8 6Cl9 .0 8 5 2Q. 0 3 11 29 .11 540 2. <]Q 00 
l)a. 75 '1.5" 4.7'1 2 . il7 15 6 .00 '13.40 74. rJo 302. 4 <) 4o 9 , 86 62 5. 8~ 52~ .7 0 115().5 , 56:) ],1)5 
lB. 75 9 . 5 ~ 4 . 7'1 2 .'l? 156 . 0') 96.74 71>.70 31 3. 2() 491>.64 642 .64 529. 18 1172.02 580 2. 02 
1 3 cl . 7 5 <; , <;g ... 7'1 2 . ~ 7 [<;6. 0 (} I 'lO. 0:1 7'1. 3 5 324.00 503 .43 1>59.42 5)4.05 1 I 'I l. 47 oOO I. qq 
131. 15 , • '> ~ ._, FI 2 . d / Lo6 . 10 10 3. 41 81.~'1 3) 4. 80 5 2C . 20 6 76. 2 c 53 9. 72 1214.'12 620 1.91> 
I 3 ~ . 75 " · 5 ~ ~. 79 2 . 8 7 156. O() l 06 .7 ') 34 . ~4 34 5 .6 0 536 .'1 9 692.'lA 54 3. 40 1236.38 640 I. 93 
13'1.75 L'i 9 4,7 9 2. 9 7 156.1)0 I I ;"! . 08 8 7. 2 8 35 6 .40 55 3 . 77 7')9. 77 548.1)7 1257.84 660 1.91 
l 3 ~ - 75 J. 51 4.79 2 . ~ / l)3. 00 lll.42 ~'I . 9 3 3 6 7. 20 570. 55 72 6 . 54 55 2 . 75 127'1. 29 690 I • q q 
1 j'l. 7J 'l . 5 d '•· 79 2 . 3 7 1 ?6.00 11 1> .7 ~ 9?. 51 378 . OJ 58 7. l ~ 743.33 'i~7.42 13'1 0 . 7 5 7 00 I. 86 
131.7 5 ~ .'i , 4,7'1 2. 8 1 15~.1)/) 12 ·) . 0 9 95. 22 38 A. 8 0 604. 11 760.11 5 ~2. O'l 1322 . 2) 7 2J 1. A4 
I B . 7' 'l. 5 ::l .:..7q ? .H I 56 • . :JQ 121.'-2 97.86 3'19.60 620.89 77 6.119 566. 77 I 343.65 740 1. 82 
I 33 . 75 'J . 'i9 4. 7'1 2 . 87 156 . 00 126. 76 1 ·10. 51 410.40 637.67 793,67 571.44 13&5. 11 11:·0 t.go 
11~.75 :) • 5 g :..7=-1 2 . ::l 7 15'>.00 13 0 . 1:) 103. 15 421.20 654,45 AI O. 45 5 76. 11 ll 86 .'i7 7 8() I. 79 
1 ,,, 75 '!. 5 ~ -..7Q 2 . 37 lSt..fJO 133.43 1~5.~0 432.00 671.23 a21.n 580.79 !4(} s. 0 2 Rf)O !. 76 
139 .75 9.'i'i 4.7'1 z. 9 7 1 ,b . :JJ l 3 ~. 77 I 0 .9. 44 '•42.80 ~88.01 844 . 0 1 585.46 14 2'1 .47 82J 1.74 
l 35 . 75 1,5R 'o .7 9 z .a 1 15-> . <10 140.11 lll.H 4')3.60 704. 90 ~60. 79 5 90. 14 l45rJ. Q) 940 I. 73 
l l 9 .7 'J 'l. 58 4. 79 2 . 8 7 1 'it, , 00 143.4 '· 113.73 4 64.43 721.57 877 .57 594.81 1472.1, 860 I. 7 1 
133.7 5 '1 . 5~ 4. 79 2.~7 1 5~ . 00 146.78 I 16. 38 475.20 n a. 3 6 8'~4.3'i 5'19.48 1493.9'+ A~1 1.70 
l3 j , 7 5 '1. 53 4. 1'1 2. ~ 7 151>.0 0 15J . I 2 ll 'l .0 2 486.00 755. 14 9 I l. 14 604.16 1~1'i.2'1 '1'10 1. 68 
1 n.1s '1. 58 4. 79 2. 8 7 15&.00 153.45 121. 6 7 49 6 .go 771 .92 92 7.'11 609.83 I 'Db. 75 9?0 t. 67 
138.75 'l,5d 4.7 9 2 . ~ 7 156.00 156. 79 124. 31 507. bO 788. 70 944.70 613.51 155 8 .2:1 94J 1.66 
I 3 3 . 75 9. 53 4. 1 '~ 2 . ::l7 156.00 160.12 126.'11> 518.40 805.48 '161.48 618. 18 157'1.66 %0 !.1>5 
13 8.75 9.58 4,7<) 2 . 8 7 1 'i6. 00 I 63. 45 12 9. 1>0 52'1.20 822.26 978.2 6 622.35 l '>0 1. 11 99 0 1.6 3 
13n.75 ''1. 58 4 . 7'1 2 . A 1 156.00 166.79 132.25 540.00 839.04 9'15. 04 6 2 7. 53 162 2. 57 1000 1.62 
Figure 36. (continued) 
179 
APPENDIX G. DERIVATION OF REPAIR AND MAINTENANCE 
FACTORS FOR ROTARY TILLAGE TOOLS 
180 
Repair and maintenance (R & M) factor for rotary strip tiller 
Assume 500 acres to blade wearout 
Then: hours to blade wearout = 500 A/3. 79 A/hr. = 132 hours 
blade cost = 24 blade holders x 4 blades/holders x $1. 59/blade = 
$152. 64 
blade installation cost= 5 man hours@ $2. 00/hr. = $10.00 
Total cost of blade change = $162. 64 
R & M factor with respect to blade wear = $162. 64/132 hours I $3200. 00 = 
0. 000385/ hr/$ new cost 
Total hours to retirement = 374.27 @ 780 Ax 8 years= 2994.16 hours 
Assume repair and maintenance costs other than blade wear to be 37 percent 
of first cost. 
Change over from planting to cultivating and back= 15 man hours x twice a year = 
30 man hours x $2. 00/hour = $60. 00/year. 
R & M factor (less blade wear) = 0. 3 7/2994.16 + $60. 00/374.27 hours I $3200 = 
0.000175 
Total R & M factor (rotary tiller only) = 0. 000385 + 0. 000175 = $0. 000560/hour/ 
$new cost. 
R & M factor (rotary tiller) = 0. 00060 x $2007 = 1.204 
R & M factor (planter units, etc.) = 0. 00056 x $3200 = 1. 795 
Total = 2. 999 
Weighted R & M factor= 2. 999/$5207 = $0. 00058/hour/$ new cost 
181 
Repair and maintenance (R & M) factor for rotary tiller 
Assume 450 acres to blade wearout 
Then: hours to blade wearout = 450 A/4. 21 A/hour= 107 hours 
blade cost= 54 blades @ $2. 35/blade = $126.90 
blade installation cost= 2 1/2 man hours @ $2. 00/hour = $5. 00 
Total cost of blade change = $131. 90 
R & M factor with respect to blade wear = $131. 90/107 hours I $2495.00 = 
$0. 000494/hour/$ new cost 
Total hours to retirement = 153.09 @l 620 Ax 8 years= 1224.7 hours 
Assume repair and maintenance costs other than blade wear to be 20 percent of 
first cost. 
R & M factor (excluding blade wear) = 0. 20/1224. 7 hours = $0. 000163 
Total R & M factor = 0. 000494 + 0. 000163 = $0. 000560/hour/$ new cost 
